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© Method and device for matching fingerprints. 

© A pair candidate list (73) is formed by selecting minutia 
pairs with reference to a minutia list (71} showing original 
position and direction data given for minutiae by principal 
coordinate systems preliminarily selected on a search and a 
file fingerprint and those relation data of the minutiae which 
are substantially independent of the coordinate systems. It is 
very likely that the pair candidate list shows coarse pairs 
because the coordinate systems may not yet be optimally 
matched to each other. One of the coordinate systems is 
transformed by those optimum amounts to provide trans- 
formed position and direction data which are decided by the 
original position and direction data of the minutia pairs of the 
pair candidate list A pair list (86) is formed by precisely 
selecting minutiae from the pair candidate list with reference 
to the transformed position and direction data and the 
original poshion and direction data given by the other 
principal coordinate system and to the relation data. On 



forming the pair list, an additional minutia list (81) Is 
preferably formed which shows the transformed position 
and direction data and the last-mentioned original position 
and direction data together with the relation data. 
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KBTHOD AND SEyiCE FOR MATCHIKG FINGERFBIKTS 
Background of the Invention i 

This Invention relates to a nethol and a device for 
satching fingerprints. 

The word **fingerprint*' is herein used as a representative 
of a fingerprint or a like pattern or figure. More particularly, ' 
the fingerprint nay be an actual finger, a pals print » a toe 
prints a soleprint, a.sqiiasoxis pattern » and a streaked pattern 
eonposed of streaks^ The fingerprint say also be a diagras drawn 
by a skilled person to represent a faint fingerprint remain which 
is 9 for example, left at a 'scene of crime. 

The **natching'* is for recognition of a fingerprint 
with reference to a plurality of known fingerprints. The matching 
may also be for discrimination, collation, and/or identification 
of the fingerprint. 

A fingerprint to be matched with a known fingerprint, 
is usually called a search fingerprint. The known fingerprint . 
is called a file fingezprint. Each fingerprint is featured by 
ridges and more specifically by minutiae^ 

It is conventional on carrying out the fingerprint 
matching to select a coordinate system on each fingerprint as 
will later be described with reference to a few of about forty 
figures of the accompanying drawing. The coordinate system is 
used to represent the position or location which each minutia 
has on the fingerprint. Furthermore., a direction is defined 
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together with the sense In connection with each nlnutia with 
reference to the coordinate systen. In addition to the position 
and direction data of each Ainutia^ a local feature cbaracteriatic 
to each Binutia^ is known which is independent of the coordinate 
5 system. An example of such local features is the difference 
between types of minutiae. Other examples are "relation data" 
which are representative of relationships between each ninutia 

and adjacent minutiae • The relation data are substantially independent 

of the coordinate system as will become clear as the description 
10 proceeds with reference to the accompanying drawing* At any 

ratOt the coordinate system will be called a principal coordinate 

system. 

Fingerprint matching has been carried out by comparing 
the minutia position and direction data and relation data of 

15 a search fingerprint with those of each file fingerprint. Inasmuch 

as the coordinate systems are independently selected on the respective 
fingerprints, the position and direction dala of a fingerprint 
must be transformed so as to be represented by a coordinate system 
which is in best match with the coordinate system selected on 

20 the other fingerprint. 

The best match has been attained with time consuming 
procedures. Sven with the best match* the fingerprint matching 
has been unreliable due to various circumstances under which 
the fingerprints are printed. This has resulted in objectionable 

25 performance of a conventional method of fingerprint matching 

and of a conventional fingerprint matching device. Incidentally, 
the position and direction data given either by the principal 
coordinate systems or by a coordinate system into which at least 
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one of the coordinate systeos is transfor&ed to -provide a certain 
degree of -Batch, will be called original position and direction 
data in contrast to tranafomed position and direction data which 
are obtained after specific coordinate transforaation, 

Suamary of the Invention i 

It is an object of the present invention to provide 
a method of reliably matching a search fingerprint with each 
file fingerprint. 

It is another object of this invention to provide a 
method of the type described » which rapidly carries out the matching. 

It is a further object of this invention to provide 
a fingerprint matching device for use in carrying out the method 
of the tyi>es described, 

A method according to this invention is for deciding 
a degree of match between a search and a file fingerprint. As 
is well known in the art, such a method includes the steps of 
selecting principal coordinate systems on' the respective fingerprints 9 
selecting a search and a file fingerprint area where minutiae 
are clear, forming a minutia list showing those original position 
and direction data of the minutiae and those relation data of 
the minutiae which are given by the respective principal coordinate 
systems and which are substantially independent of the principal 
coordinate systems, respectively, and selecting pairs of minutiae 
from the minutiae of the respective fingerprints by comparing 
the original pasition and direction data given for the respective 
fingerprints and furthermc-re comparing the relation data given 
for the respective fingerprints. 
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The aethod according to this InventloD 1& chaxacterised 
by the steps of f oraing a pair candidate liet vhich shows the 
above-Menti(med pairs of ainutiae as candidate pairs, respectiTely, 
deciding those optiaus aaounts by referring to the original position 
and direction data of the sdnutiae of the pair candidates vhich 
are for natching the principal coordinate systeas vith each other* 
transf oraing the original position and direction data given by 
one of the principal coordinate systens for the Binutiae of the 
pair candidates into transforsed position and direction data 
given by a transf oraed coordinate system into vhich the above*Mntioned 
one principal coordinate systea is transf oraed by the optiaua 
amounts, forming a pair list by referring to the ainutia list, 
the pair candidate list^ and the search aikl the file fingerprint 
areas, vhich pair list shovs precise pairs of minutiae selected 
from those- minutiae of the pair candidates vhich are present 
in an area common to the search.and the file fingerprint areas 
wherein the minutiae of each precise pair have a precise local 
similarity between the transformed position and direction data 
and the original position and direction data given by the other 
principal coordinate system and between the relation data and 
which pair list furthermore shows evaluations, each representative 
of the local similarity, and deciding the degree of match by 
using the minutiae of the precise pairs and by referring to the 
evaluations, 

A fingerprint matching device according to this invention 
is for deciding a degree of match between a search and a file 
fingerprint. A conventional fingerprint aatching device includes 
minutia list memory means for memorizing a minutia list showing 
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those original position and direction data of minutiae which 
are given by principal coordinate systeas prelainarily selected 
on the search and the file fingerprints, respectively, and those 
relation data of the ainutiae vhich are substantially independent 
of the principal coordinate systeias^ fingerprint area aeaory 
means for aemorizing a search and a file fingerprint area where 
the minutiae are clear, and selecting means coupled to the minutia 
list memory means for selecting pairs of minutiae from the minutiae 
of the respective fingerprints by comparing the original position 
and direction data given for the respective fingerprints and 
furthermore comparing the relation data given for the respective 
fingerprints* 

The fingerprint matching device according to this invention 
is characterised by pair candidate list memory means coupled 
to the selecting means for memorising a pair candidate list which 
shows the above-mentioned pairs of minutiae as pair candidates, 
respectively, optimum amoimt deciding means coupled to the minutia 
list memory means and the pair candidate list memory means for 
deciding those optimum amounts by referring to the original position 
and direction data of the minutiae of the pair candidates which 
are for matching the principal coordinate systems with each other, 
coordinate transforming means coupled to the minutia list memory 
means, the pair candidate list memory means, and the optimum 
amount deciding means for transforming one of the princl])al coordinate 
systems into a transformed coordinate system by the optimum amounts 
whereby the original position and direction data given by that 
one principal coordinate system are transformed into transformed 
position and direction data, pair list memory means coupled to 
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the alnutia list MMory Mans, the pair candidate list meaory 
Beans, and the fingerprint area aeaory Mans for »eaorlslng a 

pair list which shoxs precise pairs of sinutiae selected from 
those ttinutiae of the pair candidates which are present In an 
area common to the search and the file fingerprint areas wherein 
the minutiae of each precise pair have a precise local similarity 
between the transformed position and direction data and the original 
position and direction data given by the other principal coordinate 
system and between the relation data, which pair list furthermore 
shows evaluations, each representative of the local similarity, 
and deciding means coupled to the pair list memory means for 
deciding the degree of match by using the minutiae of the pair 
list and by referring to the evaluations. 

Brief Description of the Drawing! 

Fig. 1 is a block diagram of a fingerprint matching 

system} 

Fig. 2 is a block diagram of a fingelcprint matching 
device for use in the system depicted in Fig. 1 according to 
the Instant Inventloni 

Fig. 3 Is a block diagram of another fingerprint matching - 
device for use in the system of Fig. X, according to a more preferred 
embodiment of this invention} 

Fig. 4 dlagranaatlcally shows a fingerprint} 

Fig. 5 is a block diagram of a control unit used in 
either of the devices illustrated in Figs. 2 and 3} 

Fig. 6 is a block diagram of a leading matcher used 
In either of the devices shown in Figs. 2 and 3 1 
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Fig. 7 Is a block dlagraa of a precise inatcher used 
In either of the devices depicted In Figs. 2 and 3t 

Figt 8, drawn below Fig. 5 jnerely for convenience of 
illustration » shows ninutla data which are generally used in 
5 fingerprint watching j 

Fig. 9 shows a flow chart for use in describing a fingerprint 
matching method according to an eBbodiment of this invention i 

Fig. 10 shows an example of a oinutla list which is 
usually used in a fingerprint matching method or device i 
10 Fig, 11 shows coordinate systems for use in describing 

coordinate transformation in general i 

Fig. 12 shows a flow chart for use in describing general 
coordinate transformation $ 

Fig, 13 is a block diagram of a coordinate transforming 
15 circuit which is preferred for use in a fingerprint matching 
device according to an aspect of this Invention; 

Fig. 14 shOHs another exanple of the ainutia listi 

Fig, 15 is a block diagram of a proximate minutia recovery 
circuit for use in the leading matcher illustrated in Fig, 6| 
20 Fig, 16 (a), drawn below Fig. Ik, shows a leading part 

of a flow chart illustrative of operation of the proximate minutia 
recovery circuit depicted in Fig, 15i 

Fig, 16 (b) shows the remaining part of the flow chartj 

Pig. 17 is a block diagram of a pair detection circuit 
25 for use in the leading matcher shown in Fig, 6; 

Fig, 18 shows an example of the content of a ainutia 
list used in the pair detection circuit depicted in Fig, 17| 
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Fig. 19 iB & block dlagru of a relatloD linking unit 
for use in the pair detection cixcuit of fig, 17| 

fig. 20 is a block diagraa of a adnutia list for use 
in the pair detection circuit of Fig, 17 1 
5 Fig, 21 is a block diagraa of a pair detecting unit 

for use in the pair detection circuit of Fig« 17| 

Fig. 22 is a block diagram of a part of a aodification 
of the pair detecting unit depicted in Fig. 21| 

Fig. 23 shows a coordinate plane for use win describing 
10 additional relation data; 

Fig. 24 is a block diagraa of a pair detection circuit 
in vhicm the additional relation data are iisedi 

^g* 25 shows an exassple of the content of a conposite 
minutia list used in the pair detection circuit illustrated in 
15 Fig. 24.; 

FLg, 26 shows an exanple of a pair candidate list neaory 
used in ^he leading Matcher illustrated in Fig. 6| 

Fig. 27 i8 a block diagram of an adjustaenf asount 
deciding circuit for use in the leading matcher depicted in FLg. 
20 6} 

Fig. 28 shows a weight aap foraed in the adjustsent 
aaount daeclding circuit exeaplified in FLg. 27 1 

Fig. 29 shows a flow chart for use in describing operation 
of the aodjustaent anoiint deciding circuit of Fig. 27 1 
25 Fig. 30 » drawn below Fig. 28 » shows a factor table 

which is autonatically taken into consideration by the adjustment 
amount deecldlng circuit shown in Fig. 27 1 
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Fig. 31 BhowB another flow chart for use in describing 
It the operation of the adjustment anount deciding circuit i 

Fig. 32 shows still another flow chart for use in descrihing 
the operation of the adjustment amount deciding circuit j 
5 Fig. 33 shows a set of several minutiae of a search 

and a file fingerprint i 

Fig. 3^ is a schematic diagram of a pair list memory 
for use in the precise matcher illustrated in Fig. 7| 

Fig. 35 shows an example of the content of the pair 
10 list memory depicted in Fig, Jki 

Fig. 36 shows another set of several minutiae 1 
Fig. 37 shows another example of the content of the 
pair list memory} 

Fig. 38 shows two minutiae of a file fingerprint} 
15 Fig. 39 » drawn below Fig. 20, shows examples of minutia 

pair&i 

Fig. 40 is a block diagram of a direction oheckingr 
circuit for use in a precise matcher of the type exemplified 
in Pig. 7l 

20 Fig. kl exemplifies a search and a file fingerprint 

• area together with minutiae thereof^* and 

Fig. 42 is a block diagram of a destination deciding 
circuit for use in the control unit depicted in-Pig. 5. 
Description of the Preferred Embodiments! 
25 (0) General Description 

Referring to Fig. 1, a fingerprint matching system 
comprises four fingerprint matching devices 51a, 51b » 51c. and 
51d .wbiQh have a cpwnpn structure according to the present invention. 
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The number of the devices 51 's (the affixes a and others being 
oaltted) need not necessarily be fo\ar. Only one device 51 xay 
be used in the syste*. The systea further coaprisea a data input 
device 52, a data control and processing device 53, a data storing 
5 device 54, and a aatching control device 55, all of which vill 
later be described in detail. 

Turning to Fig. 2, each fingerprint aatching device 
51 compiisee a leading matcher 56, a precise aatcher 57, and a 
control unit 59, all of which will presently be described in 
10 outline and later in greater detail. 

As exeaplified in Fig. 3, the fingerprint aatching 
device 51 aay comprise a plvirality of leading aatchers 56a, 56b, 
56c, and 56d and a less nuaber of precise aatchers 57a and 57b. 

In either event, the fingerprint aatching device 5I 
15 is for deciding a degree of aatch £ between a search and a file 
fingerprint by coaparing data of the search fingerprint with 
data of a great nuaber of file fingerprints. One, if any, of 
the file fingerprint is selected, that gives a best aatch with 
the search fingerprint as regards the degree of aatch a. When 
20 a plurality of search fingerprints are given for aatching, the 

device 51 repeats the comparison. Merely for brevity of description, 
it will be assuaed that the device 5I coapares data of only one 
search fingerprint with data of the file fingerprints unless 
otherwise stated. The data of the search and. the file fingerprints 
25 will be identified by affixes S and F. 

Referring to Pig. 4, each fingerprint is a pattern 
or figure coaposed of ridges exeaplified by thin lines in an 
area depicted on an enlarged scale. Soae of the ridges have 
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abrupt endings. Ridges that have or ha vie not abrupt endings, 
may have bifurcations or branches, Purtheraore, the ridges aay 
a singular point at which the ridge is irregular as, for example, 
very thick. The fingerprint aay have a cross point of two or 
5 more ridges. The abrupt endings, the bifurcations, and so forth 
are called minutiae. The difference between the abrupt endings, 
the bifurcations, and the like Is referred to as a difference 
between types of minutiae or aiautla types. The fingerprint 
generally includes an unclear area or region indicated by a hatched 
10 area in which at least the minutiae are not dear. It is possible 
to select, as by excluding such unclear area or areas froa the 
fingerprint, a search and a file fingerprint area where the minutiae 
are clear. 

In order to quantitatively deal with the ainutiae, 
15 an X-Y coordinate system is selected so as to have an origin 

0 at, for example, a lowest one of the abrupt endings of a leftmost 
ridge extending towards the pala. The Y axis has the positive 
sense or direction towards the finger tip. The coordinate eystea 
will herein be called a principal coordinate system. Incidentally, 
20 it is possible in general to judge the direction of the finger 
tip from the directions in which the ridges flow or trail. 

The minutiae are consecutively numbered with reference 
to the coordinate system. The minutia numbers will be denoted 
by Mq , Kj^f Itj , • • • i , , , , , Hj , • • , , and , which denotation 
25 will be used also to represent the minutiae. It is to be noted 
in this connection that a natural number i need not always be 
greater than another natural number i but aay either be equal 
to or less than the other natural nximber i. The last number 
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B usually differs froK a flugexpclnt to another. For exaaple, 
a search fingerprint has less than sixty- four Minixtiae in general, 
A file fingerprint nay have nearly one hundred and ninty-tvo 
Blnutiae. 

5 The type of the i-th Binutis win be designated 

by Each ninutia has a position or location given by coordinates 
(X^t of the principal coordinate systeA. It is imoim in 
the art to define a direction with sense for each abrupt ending 
or bifurcation with reference to the principal coordinate 

10 system. As indicated by a short thick line, the direction of 
an abrupt ending is defined by the direction in vblch the ridge 
extends fros the abrupt ending* The direction of a bifurcation 
is precisejiy defined in United States Batent No, 4,310,827 issued 
to Kbh Asai, one of the present applicants and assignor to the 

15 instant assignee, 

A concentration or density is defined for each sinutia 
by the number of other minutiae ifhich asre present in a prescribed 
area including the minutia H^^ being taken into consideration. 
The prescribed area is conveniently a circle having the center 

20 at the minutia under consideration and a predetermined radius. 
For the example depicted on the enlarged scale, the concentration 
Cj^ is seven for the minutia M^^. 

An x-y local coordinate system will be selected for 
each minutia M^, The local coordinate system has a local origin 

23 at the minutia M^, The ^ axis has the positive sense in coincidence 
with the minutia direction D^. The x-y coordinate plane is divided 
into a predetermined number of sectors having a common vertex 
at the minutia N. . A proximate minutia, if any, la selected 
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in each sector. For the example being illustrated, the sectors 
are the first through the fourth quadrants of the local coordinate 
systeia. Minutiae H^^, Mj^^, K^g* ^ ''13 representative of 
the proximate minutiae In the first, the second, the fourth, 
and the third quadrants, respectively. It should be noted that 
the double suffixes iO throu^ i3 are representative of pertinent 
ones of 0 through the natural number z and that the suffix endings 
0 through 3 are ^selected for the resi>eotive quadrants so as to 
simplify the circuitry of the fingerprint matching device 5I 
(Figs. 1 throu^ 3) as will later become clear. The proximate 
minutiae M^q throu^ M^^ will either singly or collectively be 
designated by M^. As the case may be, the 1-th minutia used 

as the local origin, will be called a reference minutia in contrast 

■•• i.-'.*«_t- - . - — - . 

to the proximate minutia or minutiae N. , 

xr 

The number of ridges that lie between a reference minutia 
and each proximate minutia H^^^, is herein named a ridge count 
and denoted by R^. The ridge count R^^ is what is called a 
relationiahip in the above-referenced Asai Patent and is different 
from the *'ridge count" described in a reference cited in the 
Asai Patent. The illustrated minutia has ridge counts R^^, 

^il' ^12* ^13 ^^^^^ equal to 1, 2, 4, and 1, respectively. 
In some cases, the ridge count R^^^ may be zero. 

Referring now to Pig, 5, the control unit ^ (Figs. 
2 and 3) comprises a buffer memory 6I which is loaded, as will 
become clear as the description proceeds, with data from the 
matching control unit 55 (Plg. 1) through a bus 62 and a device 
interface circuit 63 and furthermore with data from the precise 
matcher 5? or matchers 57 's through a bus 6^ and a matcher interface 
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circuit 65. Thd bvkffer Meaory 61 Is controlled by a control 
circuit 66. A destination deciding circuit 67 le for deciding 
the destination of the data in the Banner to be later described. 

Turning to Fig* 6, each leading Batcher 56 (Fig. 2 
or 3) coBprises a sequence controller 69 connected, as Kill later 
become clear » to a first ninutia list Benory 71 directly and 
also through a coordinate transforBlng circuit 72» a pair cazxdidate 
list menory 73 » & working area 74, a control BeBory 75 » & proxlnate 
Blnutia recovery circuit or relation calculating circuit 76. 
a pair detection circuit 77 1 and a (coordinate) adjustsent aBomt 
deciding circuit 78, As will socm becoBe clear, the Blnutia 
list BSBory 71 co&prises seeorcb and file fingerprint Benories 
71s and 7IF. The control BeBory 75 i« prellBinarily loaded with 
a BicroprograB (Blcrocode) for use in controllingt anong others^ 
the adjustment aaount deciding circuit 78 as will later be described 
in detail. 

Further turning to Fig. 7» each precise Batcher 57 
(Fig« 2 or 3) conprises a sequence controller 79 connected* like 
in the leading Batcher 56> to a second Binutla list BSBory 81 
directly and through a coordinate transfoning circuit 82, a 
pair candidate list BeBory 83 1 a working area 8^, a control Beaory 
85, a pair list aeBozy 86, a region pattern list BeBory 87, a 
candidate fingerprint Hat semory 88, and an arlthnetic unit 
99 which is connected also to the working area 84« The control 
BeBory 85 Is for controlling the arlthsetic unit 89« 

A fingerprint Batching device 5I according to preferred 
enbodlsents of this invention, will be described Bore in detail 
under the following subsections. 
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Pair Candidate List, 


(7) 


Amounts of Coordinate Adjustnent» 


(8) 


Precise Hatcher, 


(9) 


Fingerprint Matching, 


(10) 


Destination Deciding Circuit. 



A closing paragraph will be added to the description as an additional 
subsection (ll), 

(l) Read out of Hinutia Data 

Referring to Fig, 8, data for each fingerprint are 
composed of identification or descriptiye data, a region pattern 
list, and a (first) ainutia list. The identification data of 
each file fingerprint consist of an identification number given 
to the file fingerprint, the name of the person who printed the 
fingerprint, male or female, the date of birth, the name of finger, 
the date and the locality of print, and the like. The identification 
data of each search fingerprint may comprise some of these. 
The region pattern and the minutia lists of a search fingerprint 
may be formed by the data input device 52 (Fig, l) from the search 
fingerprint. The device revealed in the above-cited Asai Patent 
is effective for this purpose. The identification data and the 
region pattern and the minutia lists of a great number of file 
fingerprints may preliminarily be stored in the data input device 
52. At any rate, the refiion pattern list gives the search and 
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the file fingerprint areas by the principal coordinate systea. 
The BinutlB liet will shortly be described in detail. 

Bef erring back to Fig. 1» data of the search fingerprint 
are transferred froa the data input deyice 52 by the data control 
and processing device 53 to the data staring device 5^ and stored 
therein. Also, data of the file fingerprints. are ouccessively 
stored in the data storing device ^ throu£^ the data control 
and processing device 53. Ob so transferring the data, the data 
control and processing device 53 Miy or aay not edit the data. 
For exanple, the data control and porocessing device 53 aay keep 
the identification data except the identification nuabers, which 
are sent to the data storing device 5h for storage therein. 

After storage of the data of the search and the file 
fingerprints in the data staring device 5^, the data control 
and processing device 53 sends a conand to the Hatching control 
device 55 throu^ a bus to start the fingerprint aatching. Before 
eventually supplied froa the Matching control device 55 throu£^ 
the bus with a result signal which represents the success oz^ 
unsuccess of the fingerprint Batching, the data control and processing 
device 53 is ftee to deal with other Jobs, such as transfer of 
the data of another seaxph fingerprint txom ihe data input device 
52 to the data storing device 54. Incidentally, the result signal 
represents the degree of match a upon success of the fingerprint 
Batching and at least the identificaticA nuaber of the file fingerprint 
best Batched with the search fingerprint. 

Referring to Fig. 9 in addition to Figa. 1 through 
6 and 8, a first step of the fingerprint Batching is to read 
out the data of the search and the file fingerprints froa the 
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data storing device 54 by the Batching control device 55 In response 
to the coininand. At the outset » the data of the search fingerprint 
are read out and delivered to the fingerprint matching devices 
51*8. In each fingerprint matching device 51 • the data of the 
search fingerprint are supplied to the leading matcher 56 (Fig. 
2) or matchers 56' s (Fig. 3) througji the control unit 59 and 
a bus 90 (also in Fig. 5) and stored in the search ninutia list 
memory 7IS of every leading matcher 56 through the sequence controller 
69. 

Subsequently 9 the matching control device 55 delivers 
the data of one of the file fingerprints to one of free leading 
matchers 56 's of the fingerprint matching devices 51*s in the 
manner which vill later be exemplified in connection with the 
destination deciding circuit 6? (Fig* 5)t In the free one of 
the leading matchers 56*8, the data are stored in the file minutia 
list memory 71F, If there are other free leading matchers 56* s, 
the matching control device 55 feeds the data of other file fingerprinti 
thereto. 

The fingerprint matching system comprising a plurality 
of fingerprint matching devices 51*6 as exemplified in Fig, 1, 
is therefore capable of substantially concurrently matching the 
data of a search fingerprint with the data of a plurality of 
file fingerprints. Operation will, however » be described in the 
following as regards the data of only one file fingerprint unless 
otherwise stated. 

Turning to Fig, 10, the first minutia list memory 71 
(Fig, 6, 71s or 7iF) comprises a plurality of memory sections 
having row addresses which can be specified by a row address 
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signal indicative of a Binutla nuaber at a tlM, Each fteaory 
sector has a plurality of fteaory fields having colunn addzresses 
vhich can be Indicated by a oolum address signal as will becoae 
clear as the description proceeds. Incidentally, the ainutia 
aeaory 71 aay teaporazrily store the identification nxmbers and 
the region pattern lists of the search and the file fingerprints. 

According to one of the preferred eabodiaents of this 
invention, the aeaory fields of a aeaory sector accessible by 
the ainutia nunber H^^, coaprises a first field for the ainutia 
type Q^, a second field for the position and the directim data 
Xj^, Yj^, and D^^, a third field for the concentration 0^^, and a 
fourth field for the ridge counts H^^ through or R^. In 
the first field an end aark is stored in the aeaory sector which 
next follows the aeaory sector for the last-nuabered ainutia 

s • 

(2) Cooirdinate Transforaation 

Inasauch as the search and the file fingerprints are 
printed under different clrcuastances, it is necessary on aatching 
the search fingerprint with the file fingerprint to subject the 
ainutia list of at least one of the search and the file fingerprint 
to a certain aodification. 

By way of example , different first and second principal 
coordinate systeas are used in general on describing the ainutia 
positions and directions of the search and the file fingerprints, 
respectively. The first (principal) coordinate systea aust be 
subjected to forward (coordinate) transforaation to be a new 
principal coordinate systea that gives a best aatch with the 
second coordinate systea and will be referred to as a "central" 
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coordinate system merely for conveaience of discrimination. 
Incidentally, it is convenient to subject the first coozdlnate 
system to the coordinate transformation rather than. the second 
coordinate system because of a generally much less number of 
the minutiae. 

The region pattern -list of the search fingerprint, 
however, need not be forwardly transformed as will later become 
clear. During comparison of the minutia lists between the search 
and the file fingerprints, the position data represented by the 
central coordinate system must therefore be subjected to back 
(coordiziate) transformation for comparison with the region pattern 
list. 

As will soon become clear, such coordinate transformation 
is necessary in a great number of cases. 

Referring to Fig, 11, the principal coordinate system 
has a principal origin 0^ and principal X and Y axes and Y^. 
The central coordinate system has a central origin 0 and central 
X and Y axes X^ and Y^, It will be presumed merely for simplicity 
of description that each coordinate system is a rij^t-hand orthogonal 
coordinate system. 

The central origin 0^ has coordinates (x, y) according 
to the principal coordinate system. The central X axis X is 
counterclockwise rotated by an angle of rotation ^ from the principal 
X axis Xp, In other words, the forward transformation is to 
translate the principal origin 0^ by translation components x 
and ^ and to rotate the principal coordinate plane by the angle 
of rotation ^. 
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Central coordinates (x^, y^) of a point M are related 
to principal coordinates (x^, y^) of the point M byi 

x^ = - x)co3^ f (yp - y)Bin0 (l) 
and s (y^ - 3f)cos0 - (x^ - x)8ln0. (z) 

5 Turning to Fig, 12* a first phase of the forward transforaa- 

tion is to calciilate values cos^ and sinjif of the trigonoBetric 
or circular function. A secoxid phase is to calculate first and 
second differences (x^ - x) and (y^ - y). A third phase is to 
calculate first and second products (x^ • x)co8ff and (y^ - y)sin0, 

10 A fourth phase is to calculate an ulti&ate sua according to Equation 
(l). A fifth phase is to calculate third and fourth products 
(yp - y)cosfJ and (x^ - x)sln(J. A sixth phase is to calculate 
an ultiaate difference in coopliance with Equation (2), It is 
possible to sioultaneously carry out the third and the fifth 

15 phases and* also the fourth and the sixth phases. 

Incidentally, the hackwaxrd transformation is carried 

out in accordance wlthi 

x_ 5 xcoBif - y^sin^ ^- x (3) 
P <1 4 

and y^ = y^cos^ + x^sin^ + y. (4) 

20 The forward and the backward transfomation has been 

carried out by the use of software, which is not suited to rapid 
processing. In particular, a conpllcated electronic digital 
computer Is indispensable in carrying out the first phase and 
the third and the fifth phases. 
25 Referring now to Fig. 13. an example of the coordinate 

transforming circuit 72 (Fig. 6) Is for rapidly carrying out 
the forward and the backward transformation with simple circuitry. 
As will later be described, a mode signal MOD is supplied from 
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the sequence eontrt^ler 69. The aode signal MOD Indicates the 
forward and the backward transformation by, for exaapl©, binary 
&ero and one, respectively. 

As will also be described in thiB following » Y» and 
5 D input terminals Xj, Yj, and are supplied at first with initial 
data consisting of the translation cosponents x and £ and the 
angle of rotation 0. Vhen a latch pulse LAT is supplied froa 
the sequence controller 69 1 the initial data are stored in X, 
Y, and D registers 91 1 92, and 93* The latch pulse LAT is soon 

10 switched off. 

The angle of rotation 0 stored in the D register 93 
is delivered to an ROM 94 as an address signal and to a D adder-sub- 
tractor 95 for the purpose which will shortly be described. 
Values of the trigonoaetric function are preliminarily stored 

15 in the ROM- 94 for various values of the angle of rotation ^. 

Accessed by the address signal, the ROM produces the values 
cos?5 and sin^ to carry out the first jdiase (Pig. 12). Incidentally, 
each angle f* nay be given a binary nuaber having up to eight 
bits. Each value cosi^ or sin0 aay be represented by a binary 

20 ntu&ber of ten bits. 

On carrying out the forward transformation, the input 

terminals Xj, Yj, and Dj are supplied with the principal position 

data X and y and a principal direction datum d froa the minutia 
y P p 

list memory 71 (Fig, 6) as will soon be described. Responsive 
25 to the mode signal MOD indicative of the forward transforaatlon. 

first X and Y selectors 96 and 9? select the input data fed directly 
thereto from the input terminals X^^ and Yj to deliver the principal 
coordinates x and y to first 31 and Y adder-subtractors 98 and 
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99. Controlled by the node signal HOD, the adder^aubtractors 
98 and 99 calculate the first and the second differences to cany 
out the second phase. Controlled also by the mode signal HOD, 
second X and Y selectors 101 and 102 feed the differences to 
first and second Bultipliers 103 and 10k, uhlch calculate the 
first and the second products to carry out the third phaac. 
The second X and Y selectors 101 and 102 furthermore deliver 
the differences to third and fourth aultipliers 105 and 106, 
which calculate the third and the fourth products , according 

to the fifth phase. 

Responsive to the aode signal MOD, second X and Y adder-sub- 
tractors 107 and lOS calculate the ulti»te sub and difference 
to carry out the fourth and the sixth phases, respectively. 
Third X and T selectors 109 and 110 are controlled by the node 
signal MOD- to feed the ultlsate sum and difference to X and Y 
output terminals Xq and Yq as the central coordinates and 
y . The D adder-subtractor 95 calculates a difference (d^^ - ^) 
and deliver the difference to a D output terminal Dq as a central 

direction datum d^. 

For the backward transformation, the mode signal MOD 
is Bade to indicate the saae. Ihe input terminals Xj, Yj, and 
Dj are supplied at first with the initial data, which are stored 
in the registers 91 through 93 by the latch pulse LAT. It is 
possible to make the registers 91 through 93 keep the initial 
data stored therein before beginning of the forward t ransf oraat ion. 

At any rate, the input terminals X^, Yj, and Dj are 
now supplied with the central position and direction data x^. 
y^, and d^. Responsive to the .ode signal MOD indicative of 
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the backward txansforaatlon, the second X and Y eelectors 101 
and 102 select the input data delivered thereto directly froa 
the X and Y input terninals Xj and Ij to feed the central coordinatee 
and to the first and the second miltipllers 103 and 104, 
5 respectively, and also to the third and the fourth aultipliers 
105 and 106, The first and the second nultipllers 103 «md 10k 
calculate the products used in Equation (3) and the third and 
the fourth Bultipllers I05 and IO6, the products used in Equation 
(^). 

10 Responsive to the node signal MOD, the second X and 

Y adder-subtractors 107 and 108 calculate a difference and a 
sua of the product* according to Equations (3) and respectively. 
The first X and Y selectors 96 and 97 noH select the input daU 
fed thereto fton the second X and Y adder-subtract ors I07 and 

15 108 to deliver the difference and the sum to the first X and 
y adder-subtractors 98 and 99, which calculate the right-hand 
sides of Equations" (3) and (4), respectively. 

Controlled by the node signal HOD, the third X and 
y selectors 109 and 110 select the input data supplied thereto 

20 froB the first X and Y adder-subtractors 98 and 99 to deliver 
the principal coordinates and y^ to the X and the Y output 
terninals X^ and Y^. The D adder-subtraetor 95 suns the central 
direction datum d^ and the angle of rotation ^fi to feed the principal 
direction datum d^ to the D output terminal Dq, 

25 It may be helpful depending on the circumstances to 

refer to the central coordinate system agiiin as a first principal 
coordinate system. As will become dear as the description proceeds, 
the coordinate transforming circuit being Illustrated, is capable 



0088162 

zk 

of carrying out f ontaxd and backward transf oraatitm between the 
principal coordinate s^rstea and a local coordinate systea. Uhen 
used in the leading jaatcher 56 (Fig. 6), the coordinate transforaing 
circuit 72 need not carry out the backward tranefornation. On 
the other hand, the coordinate transforsatlon circuit 82 (Fig, 
7) need not carry out the forward transformation. The coordinate 
transforming circuits 72 and 82 therefore need not conprlse the 
selectors 96, 97, 101, 102, 109 » and 110. The sequence controllers 
69 and 79 need not produce the »ode signal MOD, The circuitry 
illustrated with reference to Fig. 13 is useful when a single 
Blnutia list aeaory is used in place of the first and ihe second 
iftinutia aenories 71 and 81 in storing the ainutia list referred 
to hereinabove as the first ainutia list. Use of the first and 
the second ainutia list aeaories 71 and 81 is preferred because 
provision of the leading and the precise aatchers 56 and 57 is 
thereby enabled and because the second ainutia list aeaory 81 
need not have a large aeaory capteity as will later becoae clear. 
(3) Recovery of Proxiaate Minutiae 
Referring to Fig. 14, a aeaory sector for the i-th 
ainutia M^^ in the search and the file ainutia list aeaories 7IS 
and 7IF of the first ainutia list aeaory 71 (Fig. 6) aay coaprise 
first through eighth fields accessible by the coluan address 
signal. The fifth through the eighth fields are for storing 
the proxiaate ainutia numbers H^^, naaely, the nuabers given 
to the proximate ainutiae M^^^. Recovery of the proximate minutiae 
Mj^^ is unnecessary in this event. The recovery is necessary 
as shown at a second step in Pig. 9 when the ainutia list 
aeaory 71 is loaded with the ainutia list in coapliance with 
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Pig, 10 in order to reduce the oenory capacities of various aenories 

used in the fingerprint matching eysten (Plg. l). 

Speaking acre in general, it is necessary on Matching 

two fingerprints to coiqare a local feature of a ainutia M. 

IS 

of the search fingerprint with a corresponding local feature 
of a nlnutla H^p of the file fingerprint. The local features 
should preferably be independent of seleotion of the principal 
coordinate systeas for the respective fingerprints. Examples 
of such local features are the ainutia types Q^^g and Q^p and 
the concentrations Q^^ and Cjp, On defining the concentration, 
it is possible to use instead of a single prescribed area a plurality 
of prescribed areas for each reference ainutia, such as the sectors 
described heretobefore in connection with the rldige counts R 

ir* 

The ridge counts B^^g and Bj^p are also useful as the 
15 local feature. Discussion will, however, later be given to the 
ridge counts B^. 

It has now been confined, that another local feature 
is effective on carrying out the coaparieon. The other local 
feature is a distance between the reference ainutia and each 

20 proxlnate ainutia H^, 

More specifically, the distance is conveniently calculated 
by the use of the local coordinate system described in conjunction 
with Fig, 4. The distances for corresponding proxioate minutiae, 
such as M^Qg and Mj^p, are used in evaluating a local similarity 

25 between the minutiae M^g and M^p under consideiation. When a 

difference between such distances Is less than a predeterained 

threshold, the local similarity between the minutiae M and 

IS 

Hjp Is given a ©ark 1. If the differences for the respectlTe 
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proxlaate minutiae In four quadrants are all less than the 
threshold'; the local siaiUrlty is given a full nark k. 

As thus far been described, the ridge counts, the concentra- 
tion or concentrations, the differences, and/or the like are 

5 calculated for each xinutia with reference to a local coordinate 
systea having a local origin at the ainutla under consideration. 
These data will be referred to as relation data, which are substantial- 
ly Independent of the principal coordinate systea and are helpful 
in founding a local sinilarity between a reference mlnutia of 

10 the search fingerprint and a reference ainutla in the file fingerprint. 

Calculation or evaluation of the local slBdlarity will 
be called relation evaluation. The relation evaluation »ust 
be carried out rapidly and yet with a hij^ reliability because 
each search fingerprint nust be coa^pared with an enoraous nuaber 

15 of file fingerprints. The relaticm evaluation is also used in 
recovery of the proxlaate ainutlae. 

Referring to Figs. 15 and l6, an example of the proxlaate 
ainutla recovery circuit 76 (l^g- 6) conprlses a local controller 
111 operable according to a alcroprograa stored therein. Start 

20 of the distance calculation is indicated by a start signal SIRT 
froB the sequence controller 69 as shown at a seroth step Bq 
(Pig. 16)^ 

In coapllance with the alcroprograa, the local controller 
111 sets an initial value of zero in each of first and second 
25 fields A and B of a first address register 112 at a first step 

Bj^, The address register 112 is for producing a composite address 
signal AD for specifying the row and the coluan addresses in 
one of the search and the file ainutla list aeaories 71S and 
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71P at a tine that aay be selected by a read signal B according 
to the BLlcroprogran. Incidentally « a second address register 
113 is for similarly accessing the sase ainutia list aesory 71 
(71s or 7IF} by a like address signal, designated also by AO, 
and has first and second fields irtiich will be denoted by B and 
F« The first fields A and E are for producing the row address 
signals representative of the minutia nuabers and Hy The 
second fields B and P are for likewise producing the column address 
signals for either the same field or different fields. 

When zero is set in the second fields B and F and moreover 
when the i-th minutia is concurrently specified by the row 
address signals produced from the first fields A and E» the minutia 
list memory 71 produces the minutia type from the first field. 
It will now be assumed that the address signals AD are for the 
search minutia list memory 71S and that the sero column address 
signal accesses also the second field. 

As indicated at a second step Bgt the controller 111 

makes the first address register 112 produce the address signal 

AD, The minutia type Q^g thereby read out, is set in a Q field 

of a parameter register 114. The other data X^^., Y-.-, and D^^ 

Uo uS OS 

are delivered to the X, Y, and D registers 9I throu^ 93 (Pig. 
13), Immediately thereafter, the sequence controller 69 is made 
to produce the latch pulse LAT (Pig. I3) and the mode signal 
MOD indicative of the forward transformation. The position data 
Xq and Yq (the suffix S being omitted for a short while) provide 
the translation components x and described in connection with 
Pig. 13. The direction datum D^ provides the angle of rotation 
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Inasauch aa the mode signal HOD In uncecessaxy for 
the coordinate transforaing circuit 72 (Fig. 6)^ the latch pulse 
LAT is produced by the local controller 111 rather than "by the 
sequence controller 69 in the exai^le being illustrated. It 

3 will now be sundsed for brevity of descripticm that the position 
and the direction data Xj^, Y^^, and axe read fron the search 
minutia list aencry 7IS. 

At a third step By the controller 111 checks whether 
or not the ainutia type stored in the Q field is the end aark. 

10 If not, the controller 111 sets the initial value of sero in 
each of the fields E and F of the second address register II3 
and another initial value of one in each of address fields Mq» 
Kj^, Itj, and and distance fields Dq, Dj^, Dgi and of a register 
file 115 as shown at a fourth step B^. The correspondingly nuabered 

15 address and distance fields, such as Mq and D^, are two fields 

of a partial register of the register file 115 1 As will presently 
become clear, the address fields are eventually loaded with 
the proxiaate ainutia numbers M^^^ which are present in the first, 
the second, the fourth, and the third quandrants for the i-th 

20 Binutia being dealt with and used as the reference ainutia. 

The initial value of one set in the address fields and in 

the distance fields D indicate that there is no proximate ninutiae 

r 

in the respective quadrants and that the distance between the 
reference ainutia and a ainutia in the corresponding quadrant 
25 is infinitely long. 

As shown at a fifth step fi^, the controller 111 aakes 
the second address register 113 produce the address signals AD 
representative of the contents of the fields E and F. The row 
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address thereby specified, is for the zeroth minutla J^. it 
will, however, be presuaed like for the address aignal AD produced 
from the first address register 112 that the row address for 
the j-th mlnutia Mj Is indicated by the row address signal produced 
5 by the first field B of the second address register II3, 

The Q field of the paraneter register 114 Is rewritten 
into the ninutia type Q.. The other data X<. Y.. and are 
supplied to the X, Y, and D adder-subtractors 98, 99, and 95 
(Pig. 13) as the principal data x^. y^. and d^. At a sixth step 
10 Bg, the forward transforaatlon Is autosiatically carried out. 
The local (coordinate) data x^, y^, and are stored in X, Y, 
and D fields of the paraaeter register 114 at a seventh step 
By. 

The local position data x^ and y^ retained in the X 
15 and Y fields of the paraaeter register 114 are delivered to X 

and Y square calculators II6 and 11?. respectively. Squares thereby 
calculated, are fed to an adder 118. The square of the distance 
between the i-th ninutia H^^ under consideration and the j-th 
Binutia Mj being selected, is supplied to one of two input ports 
20 of a comparator II9. 

In the meantime, a permutation of the sign bits of 
the local position data y^ and stored in the Y and x fields 
of the parameter register 114, is delivered towards a selector 
121 to represent a two-digit binary number. The binary number 
25 indicates that the j-th minutia is present in one of the quadrants 
that is decided as follows. If the binary number is 00 or decimal 
0, the J-th minutia Mj is in the first quadrant. If the binary 
number is equal to 01, 11, and 10, namely, decimal 1, 3, and 
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2, the J-th Blnutla ia in the secoid throu^ the fourth quadrants, 
respectively. 

Unless the oinutla type kept In the Q field of the 
paraaeter register 114- sbOHS the end aark, the controller 111 
sends a selection signal to the selector 121 to sake the saae 
supply the sign bit permatation to toe register file 115 as an 
address signal for accessing the partial register having the 
address field that is allotted to the quadrant indicated by 
the sign bit permutation. The content of the distance field 
of the accessed partial register is supplied to the other 
input port of the coa^rator 119. 

As collectively shotm at an eighth step Bg, the eoaparator 
119 compares the sua (x^^ 4 y^) with the distance D(signCy^], 
sign[x^]) read out of the distance field of the accessed partial 
register. . If the foraer is less thai the latter, the J-th ninutae 
M. is nearer to the i-th ainutia than another ainutia which 
is previously dealt with to provide the distance being read out. 
The comparator 119 inforas the controller 111 of the fact by, 
for example, a binary one signal. 

Meanwhile, contents of the first fields A and E of 
the address registers 112 and 113 «e supplied to a coincidence 
detector 122. When the contents are the same, the coincidence 
detector 112 produces a coincidence signal of logic one. That 
is, the logic one coincidence signal is produced when the j-th 
nlnutla M. is not different from the i-th ainutia Mj^. The coincidence 
signal is fed to an inhibit port of an inhibit gate 123 to inhibit 
the binary one signal delivered thereto from the eoaparator 119. 
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In the Beanvhile. the oontent of the first field S 

• • • • 

of the second address register II3 Is delivered to the address 

fields of the register file II5. Furthermore, the sua calciilated 

by the adder II9 is supplied toHards the distance fields D . 

r 

5 Vhen the coincidence signal is logic aero to indicate that the 

j-th minutia Mj is different froa the i-th ainutia VL^ and consequent- 
ly in one of the quadrants except the local origin K^^ the inhibit 
gate 123 supplies the binary one signal to the register file 
115 as a write- in signal. At a ninth step B^, the contents of 

10 the address and the distance fields 1^ and D^^ of one of the partial 
registers that is accessed by the sign bit pexmitation supplied 
thereto through the selector 121, are renewed to the content 
of the first field E of the second address register II3 (the 
fiiinutia number of the j-th minutia Nj) and to the sum (square 

15 of the distance between the minutiae and Hj)« 

Either if the sum is not less than the previously calculated 
sum or if the j-th minutia is in fact the i-th minutia M^, 
the eighth step Bg Jumps to a tenth step B^^ where the controller 
111 makes a one-adder 124 add one to the content of the E field 

20 of the second address register II3, When the sua is less than 

the previously calculated sum and furthermore when the j-th ainutia 
Mj is different from the i-th ainutia M^^, the above-described 
ninth step B^ is followed by the tenth step B^q, The contents 
of the register file II5 are thus renewed whenever a nearer minutia 

25 is foxmd in a certain one of the quadrants. 

By so repeating either the steps B^ through B^q or 
the steps B^ through Bg and B^^ with the ninth step B^ skipped . 
the controller 111 renews the contents of the register file II5, 
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Recovery of the proxlMite adnutiae M^^^ for the i-th ainutia 
ends when the end aark is eventually detected at the seventh 
step By. At thla Instant, the proxiaate ainutia nuabers 
are kept In the respective address fields M^. If no proxiaate 
5 ainutia is found in a certain one of the quadrants, the initial 
value of one is held in the address field M^^ allotted to that 
quadrant. 

The process now proceeds to transfer the proxiaate 

ainutiae of the i-th ainutia M.. In the exaaple being illustrated, 
ix * 

10 the transfer is carried out to that one of the search and the 

file ainutia list aeaories 71 (71S and 71F) froa which the i-th 
ainutia is read. As a result of the transfer, contents of 
the aeaory sector for the i-th ainutia M^^ are changed froa those 
exeaplif ied in Fig. 10 to those exeapUfied in Fig. 14. 

Xt will now be assuaed aerely for convenience of descriptioa 
that the coluan address of the fifth field (Fig. 14) for the 
ainutia nuaber VI^q is deciaal k or binary 'lOO. At an eleventh ' 
step B^^, the local controller 111 initializes the content of 
the second field B of the first address register 112 to 4. Two 

20 consecutive less significant bits of the second field B are supplied 
to the selector 121, which are now 00 lout of the binary 100 and 
correspond to the address signal used in accessing the partial 
register (Mq and Dq) assigned in the register file U5 to the 
first quadrant. As a part of the coaposite address signal AD, 

25 the second field B produces the coluan address signal for the 
fifth field. The row address signal produced froa the first 
field A as another part of the address signal AD, still specifies 
the row address for the l-th ainutia in the ainutia list aeaory 
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71 in question. Concurrently irith the eleventh step the 
controller lll-ukes the selector 121 select the two less si^ificant 
bits. 

The register file 115 produces the content of the accessed 
address field as a data signal HDp vhich is delivered towards 
the minutia list neaory 71 under consideration. The controller 
111 supplies a write-in signal V to the minutia list Mmory 71. 
The:;.minutia number M^^ is therefore pertinently written in the 
minutia list memory 71 at a twelfth step B^, 

At a thirteenth step B^^, the controller 111 makes 
the one-adder 124 add one to the content of the second field 
B, The content specifies the column address for the proximalLe 
minutia H^, The two less significant bits designates the second 
quadrant. 

At a fourteenth step B^^^f the controller 111 checks 
the content of the second field B whether or not overflow results 
from the addition of one to render the content equal to decimal 
0, If nott the process returns from the fourteenth step B^^ 
to the twelfth step B^^, 

Bepeating the steps Bj^ throu^ B^^^^, the controller 

111 transfers the proximate minutia numbers H. to the minutia 

ir 

list memory 71 being dealt with. When the ovearflow is detected, 
at the fourteenth step B^^^9 the controller 111 makes the one-adder 
124 add one to the content of the first field A at a fifteenth 
step B^y The row address for the (i*l)-th minutia is now specified. 
The process returns from the fifteenth step B^^ to the second 
step Bp. 
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In this Banner, the proKlaate ninutiae, if any, are 
recovered successively for the ainutiae Mq, Mj^, •»•, M^^, .t., 
and M and stored in the ainutia list aeaory 71 in question. 
After the proxiaate atnutia number K^.^ is eventually stored in 
the Binutia list mmor^ 71. the content of the first field A 
of the first address register 112 becoaes equal to (a + l) at 
the fifteenth step B^^. The end aark is now stored in the Q 
field of the paraaeter register Ilk, When the controller 111 
detects the end aark at the third step By the recovery of the 
proxiaate ainutiae coaes to an end as diown at a sixteenth step 

®16' 

Pair Detection 
For each ainutia H^^, the ainutia type Q^^, the position 
and the direction data X^, Yj. and D^. and the like will now 
be called ainutia data of the ainutia H^, the proxiaate ainutia 
nuabers M, and the ridge counts R. will be named fundamental 
relation data of the ainutia M^. The ainutia data and the fundaaental " 
relation data will collectively be called overall minutia data 
of the minutia M^. A link or combination of the position and 
the direction data x^^, y^^. and d^ of the proximate ainutiae 

M as regards the local coordinate system for the ainutia 
ir 

used as the reference ainutia, and the ridge counts R^^ will 
now be referred to as relation link data of the reference minutia 
yi^. The Binutia data and the relation link data will collectively 
be called overall relation link data of the reference minutia 
Mj^. For each fingerprint, a set of the overall minutia data 
or the overall relation link data of all minutiae will now be 
called fingerprint data of that fingerprint. 
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On Batching a search flnfwrprint with each file fingerprint, 
it is larportant to find a pair of sinutia of the search fingerprint 
and a ninutla of the file fingerprint. On finding such pairs, 
it Is already knoim to use the overall relation link data for 
5 each comhlnatlon of a ninutla of the search fingerprint and a 
minutla of the file fingerprint, The neaoiy for storing the 
fingerprint data of the search and the file fingerprints, therefore 
must have a large meaory capacity. This has rendered the conventional 
fingerprint matching device bulky and expensive. 

IGt It should be noted in this connection that a plurality 

of minutiae may be found at first in one of the search and the 
file fingerprints as pairs of a minutla of the other fingerprint 
at a third step depicted in Fig. 9, The pairs are later processed 
as regards the detail into a single pair. Such "pairs" will 

15 also be called a "pair" for the tine being. At any rate, it 
is not mandatory according to this invention to care for such 
a plurality of pairs. Bach of the position and the direction 
data Xj^, Yj^, and may therefore be given for the pair detection 
by a relatively coarse or wide quantization step as, for example, 

20 by only four consecutive more significant bits of each data X^, 
Yj^, or Dj^. 

Referring to Fig, 17, an example of the pair detection 
circuit 77 (Fig. 6) ie effective in rendering the fingerprint 
matching device 51 (Fig. l) compact and inexpensive. The illustrated 
25 pair detection circuit 77 comprises a relation linking omit 126, 
a minutla memory 127, and a pair detecting unit 128 as will be 
described in the following. 



0098152 



36 

Turning to Fig. 18, the Mlnutia oeaory 127 aay store, 
as will shortly be described in detail, the overall relation 
(link) data for the search fingerprint and one file fingerprint. 
In a Msory section (to be later described) accessible by a row 
5 address signal indicative of a reference minutia M^, the ninutia 
data Qj^, Cj^, Xj^, Y^^, and Dj^ are stored in successive coluank;. 
Furtheraore, the relation link data Rj^q, Xj^q, y^Q. d^^, E^, 

*il' •••• *i2' ^3* ^ty ^i3' ^i3 successive 
colusns* It will therefore be assumed that the iiinutia list 
10 meaory 71 (Wg, 6, 71S or 71F) is for storing, for each ainutia 
H^, the ainutia data and the fUndaaental relation data in the 

order of Qj^, C^^, Xj^, Y^^p D^, ^j^q* '^iO* ^il' ^il* ^i2* ^i3' 
and n^y rather than in the order exeaqplified in Pig, The 
local position and direction data x^^, y^^, and d^^ nay, for 

15 storage in- the minutla aemory 127, be given by the coarse quantisation 
step. Vhen no proxiaate ainutia is found in a quadrant r, a 
specific code is stored in place of the ridge count R^^ for the 
proximate ainutia Mj^^. 

Referring to Fig. 19, the relation linking tinit 126 

20 (Fig. 17) coaprises a central controller 129 P«t Into operation 

by the sequence controller 69 (Fig. 6) after coapletion of recovery 
of proxiaate alnutiae for the search fingerprint. The controller 
129 sends a first address signal I3I (also in Fig. 17 ) to the 
search ainutia list aeaory 7IS of the ainutia list aeaory 71. 

25 An input data signal 132 (also in Fig. 1?) is sent back to the 

relation linking unit 126. Vhen the address signal I3I indicates 
the i-th ainutia M^g as will presently be described, the data 
signal 132 represents the overall ainutia data, naaely, the ainutia 
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data Q^g, G^g, X^g, Y^g. and D^g and the fundanental relation 

''^lOS* \os* \lS* ^38* ^ '*i3S* ^* ^® possible to 
make the address signal 131 give the position and the direction 
data Xj^g, Yj^g, afid D^^g by the coarse quantleation step, 
5 The fiindamental relation data are fed towards a shift 

register 13^. The position and the direction data X. . Y 

is* IS* 

and Djg are supplied towards X, Y, and D registers 135X, I35Y, 

and 135D, At least the minutla type Q^^g is suppUed to the controller 

129. The controller 129 produces a latch pulse LAT to store 

10 the fundaaental relation data in the shift register I34 and the 

position and the direction data in the registers 135* s. An output 
data signal I36 (also in Fig, I7) supplied towards the ainutia 
memory 12?, represents the minutla data and then other data which 
will later be described, 

15 The controller 129 checks., whether or not the minutla 

. type 0^ (the suffix S being omitted for a short while) represents 
in fact a minutla type. Having confirmed, the controller 129 
supplies the mlnutia memory 127 with a second address signal 
137 indicative of a row address for the i-th minutla M^^^ and a 

20 column address for the minutla data and sends a directive signal 

DIE to the shift register 134 to make the same supply the foremost 
proximate minutla number M^q back to the controller 129, which 
makes the ilrst address signal I31 Indicate the proximate minutla 
number instead of the i-th minutla number M^^. The shift 

25 register IJk furthermore produces the ridge count as the 
output data signal I36. 

The input data signal I32 now represents the overall 
minutla data for the iO-th minutla H^^, The controller 129 "akes 
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the second address signal 137 indicate the row address for the 
1-th minutla M^^ and the coluan address for the ridge count 
and the position and the direction data x^q, y^Q, and d^^^ which 
the proxlBate ninutia H^q of the first iuadrant has relative 
to the 1-th Binutia used as the reference «inutia. 

Among the overall ainutia data of the iO-th ninutia 
the position and the direction data Xj^q, \q» and D^q are 
supplied directly to X, Y, and D subtractors I38X, I38Y, and 
I38D irtiich are also supplied with the contents of the registers 
135' s, The subtractors 138*8 calculate X, Y, and D differences 
(X^Q - X^). (Y^jj - Y^), and (D^q - D^). The content.:of the D 
register 135D is supplied also to an ROM 139. slBllar to the 
RCm 9^ (Fig, 13), for laroduciag values cosD^ and sinDj^, The 
ROM 139 nay, however, be siapler than the ROM 9** because each 
value cosDj^ or sinD^^ «ay have a less nunber of bits. 

The X ind the Y differences are supplied to first and 
second nultipliers l^H and IkZ, respectively, to which the value 
cosDj^ is supplied in coBBon, The differences are supplied also 
to third and fourth multipliers 1^3 and IW, to which the value 
BinDj^ is supplied in common. First and second products are delivered 
to an adder 1^ and a subtracter 147, respectively. Third and 
fourth products are fed to the adder 1^ and the subtractor 14?, 
respectively. It is now understood that the elements 135' 8i 
138' 8, 139, 141 through 144, li»6, and 14? are for carrying out 
the forward transformation of the principal coordinate system 
for the search fingerprint to a local coordinate systea for the 
1-th Binutia n^. The adder 146, the subtractor 147, and the 
D subtractor I38D are for making the output data signal I36 Include 
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the position and the direction data Xj^q, y^^p, and d^^^ ifhich the 
proxinate-ffllnutla M^^ has in the local coordinate eystea. 

Thereafter I the controller 129 again produces the directive 
signal DIR to make the shift register 134 send the next following 

5 proxiaiate minutla mmber M^^^^ back to the controller 129 and the 
ridge count B^j^ as a part of the output data signal 136, The 
second address signal I37 is now made to represent the row address 
for the i-th mlnutia M^^ and the colusan address for the ridge 
coiint Rj^j^ and the position and the direction data j^^^ and 

10 d^^« The input data signal 132 supplies the position and the 
direction data X^^^^, Yj^^, and D^^ of the il-th minutia to. 
the subtracters 138* s. The coordinate transfonation is again 
carried out to nake the output data signal I36 include the position 
and the direction data Xj^^^, y^^, and d^^^ as another part, 

15 The processes described above in connection with the 

proximate minutiae K^^ and M^^^ are repeated for the other proximate 
minutiae M^^^ and M^^^ to complete the relation linking operation 
for the i-th minutla M^^, When the processes are carried out 
for the last minutla of the search fingerprint, the controller 

20 129 supplies the minutla memory 12? (Fig. 1?) with a transfer 
signal 149 for the purpose rtiich will shortly be described. 
The relation linking unit 126 subsequently repeats the relation 
linking operation as regards the minutiae through of the 
file fingerprint (the suffix z used for the file fingerprint 

25 being generally greater than the suffix z for the search fingerprint 
as pointed out heretobeforo). 

Turning to Fig. 20, the mlnutia memory 12? (Fig. 1?) 
comprises first and second buffer memories I5I and I52, each 
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having memory sectors accessible by the second address signal 
137 Indicative of the reference ainutia nuabers, such as M^. 
Each senory sector has fields having eoluan addresses accessed 
also by the second address signal 137* 

Each of search and file oinutia WBories 153 ami 15^ 
also hM nemory sectors accessible by the address signal I37 
to store the overall relation data as exeapllfied in Fig, 18, 

As described heretobefore, the output data signal I36 

produced by the relation linking unit 126 tor -Ute i-th ninutia 

Mj^, represents at first the ainutia date of the ainutla M^^. 

Later, the data signal lk6 repeatedly produced for each proxiaate 

ainutia M, of the i-th ainutia M. , jrepresents the ridge count 
ir * 

^ir **** Ir-th proxiaate alnutlae M^^ and 

and also the position and the direction data x^^, y^^, and 
dj^^ of the. proxiaate ainutia M^^ as regards the local coordinate 
systea defined for the i-th ainutia M^^, 

The data represented by the outpitt data signal I36 
are successively stored by the second address signal 13? in the 
respective fields of the aeaory sector for the i-th ainutia 
in one of the first and the second buffer aeaorles I5I and_X52 
that is rendered eapty as will presently becoae clear. Merely 
for clarity of descriptitm, let the first buffer aeaory I5I be 
eapty for the tiae being. The overall relation data obtained 
for the ainutiae Mq through of the search fingerprint, are 
thus stored in the first buffer leBory I5I. At this Instant, 
the central controller 129 (Fig. 19) produces the transfer signal 
lii9 as described belore. The transfer signal 149 is for aovlng 
the overall reUtion data froa the first buffer aeaory I5I to 
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the search minutla neaiory I53, The first buffer Beaory I51 is 
thus rendered empty. 

During transfer of the overall relation data for the 
search fingerprint by the transfer signal and the seoood 
address signal I37, the relation linking unit 126 successively 
produces the overall relation data for the file fingerprint. 
According to the aasuaptlon described above, the second buffer 
jjeaory I52 is rendered e«pty already before, beginning of the 
relation linking operation for the file fingerprint, The overall 
relation data are therefore stored in the second buffer asBory 
152, The transfer signal IH^ produced subsequent to coapletion 
of the relationJLlnklng operation for the file fingerprint, is 
for moving the overall relation data froa the second buffer senory 
152 to the file Binutla nenory 15k and for eventually rendering 
the -second- buffer aeaory 152 eapty. 

As described before, a great nuober of file fingerprints 
must be checked for each search fingerprint, While the overall 
relation data are moved froa the second buffer memory I52 to 
the file Binutla aeaory 154, the relation linking operation is 
carried out for a second one of the file fingerprinta. The overall 
relation data for the second f Ue fingerprint are stored in the 
first buff er meaory 151, 

As Hill later be described, the overall relation data 
previously stored in the file ainutia aeaory 15^* are successively 
supplied to the pair detecting unit 128 (Plg. 2?). Tt\e file 
Binutla aemory 15k is thereby rendered eapty. The overaU relation 
data for the second file fingerprint are therefore moved fron 
the first buffer aeBory I5I to the file ainutia aeaory 154 by 
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It l8 now understood that the transfer signal 149 is 
for the search alnutla Aeaory 153 &t first and then repeatedly 
for the file sinutia seaory 15k. In this Banner, the first and 
5 the second buffer neaories 1^1 and 132 are altematingly lised 

in loading the file ninutia aeaory 15k with the overall relation 
data of the successive ones of the file fingerprints. Heanvhile, 
the search minutia aenory 153 keeps the overall relation data 
for each search fingerprint. After the overall relation data 

10 of all file fingerprints are used by the pair detecting unit 
128, it is possible to use the search ainutla aemory 153 for 
the overall relation data of another search fingerprint. 

Referring to Fig. 21, an exaaple of the pair detecting 
unit 128 (Fig. 1?) coaprises a local controller 159. Sach tiae 

15 when the fj.le fingerprint data (overall relation data of one 

file fingerprint) are stored in the file ainutia aeaory 153 (Fig. 
20) Kith the search fingerprint data kept in the search ainutia 
meaory 153, the central controller 129 (Fig. 19) produces a coiuiand 
signal l6l (also in Fig. 1?). Supplied With the coaaand signal 

20 l6l, the local controller 159 delivers an address signal 162 
(also in Figs. 1? and 20) to the search and the fine ainutia 
aeaories 153 15^« controller 159 fuirtheraore sends a 

selection signal SEL to a thershold generator I63. 

In each of the ainutia aeaories I53 and 154, the address 

25 signal 162 accesses at first the aeaory sector for the aeroth 

ainutia Mq, In each aeaory sector, the address signal l62 specifies 
the column address for the ninutia data at first and then successively 
the coluan addresses for the respective proxiaate ainutiae. 
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Thereafter, the address signal 162 similarly aooesees the aeaory 
sectors for the successive file (fingerprint) alnutlao while 
accessing the zeroth search ainutia Mq. Subsequently, the address 
signal 162 likewise accesses the next search ainutia and the 
5 successive file alnutlae. Let it now be assuaed that the address 
signal 162 aocessea the i-th search ainutia and the j-th 
f Ue ainutia Mjp. The ainutia nuabers M^^g and M^^ are retained 
jrn the controller I59 for the purpose which will iter becoae 

^0 «ach coluan Address for the ainutia data is specified 

by the address signal I62, the selection signal SEL aakes the 

threshold generator I63 produce' coarse thiresholds T , T T 

C Y 

and Tjj which will presently becoae clear. Hhile the ooluan address 
for each prcbciaate ainutia Is specified, the selection signal 
15 SEL nakes the threshold generator I63 produce other coarse thresholds 
Ty, T^, Ty, and Tjj, 

Responsive to the address signal I62, the search and 
the file ainutia aenorles I53 and 15k supply data eignals l6i* 
and 165 (also in Figs. 1? and 20) to H, X, I, and D subtracters 

20 166b, 166X, 166X, and I66D, each being for calculating the absolute 
value of a difference between the data represented by the date 
signals l6i» and I65. The absolute values are delivered to R, 
X. Y, and D comparators 167R, I67X, I67Y, and I67D for comparing 
the absolute values with the respective (coarse) thresholds as 

25 will be described in the following. 

At the outset, the R subtracter I66R is for the concentrations 
°1S ^jF* ^® subtracters 166' s are for the position 

and the direction data of the search and the file minutiae. 
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The eoaparators 16??^ supply an AND clzcult l68 vlth logic oae 
signals if I 

and iD^g - Djpl ^ Tj,. 

The AND clicuii l68 sends an output signal to the controller 
159 only logic one signals are ss^lied thereto froa 

all coBjiaratorB 16?' s. Besponaive to the output signal, the 
controller 159 sends a directive signal DIR to rest first and 
second counters 171 and 172 to »ero. ftarther«ore» the controller 
159 xakes the address signal l62 specify the coluan address for 
the foreaost proxiaate ainutia in each aeaoxy sector as briefly 

described before. 

The R subtracter 166R- is nov for the ridge counts R^^g 

and R. As described hereinabove and will shortly become clearer, 
jrF 

the ridge counts n^^^ and Rj^p represented by the respective 
data signals l6k and 165 are supplied also to a code detector 
173 for detecting if the specific code is present instead of 
the ridge count R^^g or Rj^j.. The AND circuit l6j delivers the 
output signal to the controller 159 only if » 

l«irS - »jrFl ^ ^r' 

l^lrS " ^jrF^ - ^y* 
and Idj^^g - djj.j.1 t T^. 

Responsive to this output signal, the controller 159 
sends a count signal CTR to the second counter 172 to add one 
to Its content. If the specific code is detected instead of 
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at least one of the ridge counts H^^g and Hj^y, the code detector 
173 sends a detection signal DET to the first counter I7I and 
also to the controller I59. The detection signal DET adds one 
to the content of the first counter I7I and prevents the controller 

5 159 from producing the count .Signal •filB irrespective of the output 
-signal of the AND circuit 168, 

The content of the first counter I7I is supplied to 
the threshold generator I63, which produces a threshold corresponding 
to the number of specific codes. The threshold ia delivered 

10 to a comparator 174 for comparison with the count of the second 

counter 172 » When the count of the second counter I72 is equal 

to or greater than the threshold, the comparator I74 supplies 

the controller I59 with a similarity signal indicative of a local 

similarity between the minutiae M.^ and M.«. 

lo jlr 

15 Responsive to the similarity signal, the controller 

159 supplies the sequence controller 69 (Jig. 6) with an address 
signal 176 (also in Pig. 17) representative of the search and 
the file minutia numbers H^^g and M^p retained therein. The controller 
159 furthermore supplies the sequence controller 69 with a data 

20 signal I77 representative pf the local similarity represented 

by the similarity signal. Meanwhile the controller I59 may keep 
the address signal l62 indicative of the row addresses for the 
minutiae M^g and H^p to make the minutia memories I53 and I54 
(Fig, 20) produce the data signals 16^ and I65 (collectively 

25 denoted by 178 in >"ig. I7). Moreover, the controller I59 delivers 

an instruction signal 179 (also in Fig. I7) to the eequence controller 
69 • Thereafter, the controller I59 makes the address signal 
162 indicate a next one of the search minutiae and successively 
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and successively the seroth through .the s-th file Binutlae, 

It will now be understood that the order of the nlnutlae 

M « M.p designated by the address signal 162 need not be 
iS Jr 

as described above. The alnutia aeBory 12? Bay not be an independent 
unit but nay be a part of the relation linking unit 126 or of 
the pair detecting unit 128. 

(5) Modifications of Pair Detection 

As will presently be described sore in detail, a certain 
aaount of error is unavoidable between the principal coordinate 
systen selected for each file fingerprint and the central coordinate 
systen into which the principal coordinate systea for each search 
fingerprint is f orwardly transf orasd. This is also the case 
even when the principal coordinate systea for the file fingerprint 
is f orwardly transf oraed to provide a aatch with the principal 
coordinate- systea for each search fingerprint. 

The error between the origins of the principal and 
the central coordinate systeas equally affects the position and 
the direction data of a alnutia near to each origin and the data 
of a alnutia reaote therefroa. It Is therefore possible to cover 
the error by the thresholds Tj^, T^, and Tjj and T^t T^, and T^. 
The error resulting froa the direction of the coordinate axis, 
however, grows greater for reaoter alnutlae. If the thresholds 
are selected to cover the greater error, the accuracy of the 
pair detection degrades for nearer alnutiae. 

Referring to Fig. 22, a aodlfication of the pair detecting 
unit 128 (Figs. 17 and 21 ) is for raising the accuracy. For 
use as a part of the pair detecting unit 128 illustrated with 
reference to Fig. 21, a threshold selector I8I is supplied with 
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the data signal 164 successively representative of ccrijinations 

of the position data X^^ and Y^^g and the position daU x and 

^IrS (collectively denoted by X and Y). On the other hand, the 

position data X and Y and the position data X' and Y* (x and 

JF 

^jp '^jrP ^jrF^ supplied to search and file selectors 
182 and I83. The local controller I59 (Pig. 21) selects one 
of the combination X and X' and the coaibination Y and Y' at 
first and then the other. The selected combination X and X* 
or Y and Y' is supplied to a subtract or 184 and thence to an 
absolute value circuit IB5, vhich supplies a comparator 186 
with |X - X» | or JY - Y' j. 

In the threshold selector 181, the position data X 
and Y are delivered to X and Y absolute value circuits I91 and 
192. The absolute values produced by the absolute value circuits 
191 and 192 are fed to a selector I93 and furthermore compared 
with each other by a comparator I94. Supplied with the greater 
absolute value, the threshold generator I63 (corresponding to 
that described in conjunction with Pig. 21) produces the threshold 

T or t and T_ or T., 
— u a 

A combination of the subtractor 184 and the absolute 
value circuit 185 correspond to a combination of the subtracters 
166X and 166Y. The comparator 186 corresponds to a combination 
of the comparators I67X and 1$7Y. The threshold T is for use 
as either of the thresholds and Ty and the threshold t, as 

either of T and T . 

X y 

Referring now to Fig. 23, the relation data are substantially 
independent of the principal coordinate system as pointed out 
hereinabove. The error error between the principal coordinate 
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Byeteas, however, results In an error between the local coordinate 
systens which are defined for a search and a file ninutia. An 
1-th Binutia of a file fingerprint of a certain finger will 
be taken into consideiration.as a reference alnutla. According 
to an x-y local coordinate systeB based on the principal coordinate 
system, the reference ainutia Mj^ has proKiaate ainutiae M^^. as 
exeapllfied in Fig. Hie praxiaate ainutlae will now be called 
priaary proxiaate ainutlae and represented by Hj^^* Mj^^ , H^, 

and M.^ as depicted in fig* 23. The priaary proxiaate ainuti£.e 

In 

will either singly or collectively denoted by M^^j^, 

A search fingerprint of the finger under conslderatioa 

Is printed on different caiditianB as described heretobefore. 

It is very likely that a different principal coordinate systea 

is selected for the search fingerprint. Even though transfor»ed 

from the different principal coordinate systes.vlth best care, 

the central coordinate system »ay have a difference from the 

principal coordinate systea selected for the file fingerprint. 

Let the ainutla in question in the search fingierprint 

be numbered also as the i-th ainutla for brevity of description. 

In the illustrated example, an x*-y' local coordinate systea 

is based on the central coordinate system. The proximate minutia 

M. is remoter than the ainutla M. in the first quadrant of 
Ig " 

the local x'-y' coordinate system and is therefore not found 
as a primary proximate minutia. Instead, Ahother minutia 
is found as a primary proximate ainutla in the fourth quadrant. 
This again results in a reduction in the accuracy. 

Referring to Fig. 24, a modification of the pair detection 
circuit 77 (Fig. 6) is effective in raising the accuracy. The 
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circuit 77 comprises a conposlte, relation linking unit 196, a 
composite ninuti& meaory 197» and a conposite pair detecting 
unit 198, all Bioilar to the corresponding units 126 through 
128 described in conjunction uith Pigs. I7 throu^ 21. Incidentally, 
it will be assuAed that the minutla list aemory 71 (Fig. 6) is 
already loaded with the oinutia data and the fundamental relation 
data of both a search fingerprint and one file fingerprint in 
the manner exemplified in Fig, 14, 

Turning back to Fig, 23, the x-y coordinate system 
having the local origin at a reference minutia will now be 
called a primary coordinate system. The relation link data R.. , 
x^l^f y^j^, and d^^j^ calculated for the primary proximate minutia 
M^j^ and shown in Pig, 18, will be referred to as primary relation 
data of the reference minutia M^^, 

Jxi the manner described in connection with the primary 

coordinate system, secondary coordinate systems x *y . x 

e ''e f •'f • 

V^8' ^h^^h ^k^^^k defined to have the respective 

origins at the primary proximate minutiae M^j^ and the coordinate 

axes coincident with the direction data d^j^ of the primary proximate 

minutiae M^^j^. Proximate minutiae tl^^ which are found in relation 

to the secondary coordinates system defined, for each primary 

proximate minutia M^j^, will be called secondary proximate minutiae 

of the reference minutia M^. If a specific minutia proximate 

to one of the primary proximate minutle M^^j^ is coincident with 

the reference minutia M^^ or another primary proximate minutia, 

the specific minutia need not be included in the secondary proximate 

minutiae. If a secondary proximate minutia found as regards 

a primary proximate minutia M.. , coincides with a secondary proximate 
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alnutla resulting fro« another prtAarjr proximate alnutia, it 

is sufficient to use only one of the two as a secondary proximate 

ainutia. 

For the example being illustrated « the secondary proxisate 

5 minutiae are minutiae M^^^, M^^^, M^^, M^^. M^^, W^^, M^^^, 

Mj^g^, \h2* **ih3* ^ fiiiiutia ^ich is proximate to the primary 

proximate minutia H^^ in the fourth quadrant of the secondary 

coordinate system x -y and iifaich may be selected as a secondary 

e e 

proximate minutia Mj^g2» ^® coincident with the primaucy proximate 
Xo minutia M^^» A minutia proximate to the primary proximate minutia 
M^^ in the third quadrant to be selected as a secondary proximate 
Binutia M^^^f is coincident with the reference minutia H^. A 
minutia to be selected as a secondary proximate minutia 
in the secondary coordinate system x^^y^, is already selected 
^5 as the secondary proximate minutia H^^^]^. secondary proximate 

minutiae selected in this manner, will either singly or collectively 
be denoted by M^^j^t 

It is already described that the primary proximate 
minutiae have the primary relation data of the minutia M^^, 
20 namely, the ridge counts R^j^ relative to the reference minutia 
and the position and the direction data x^^^ y^j^i and d^^j^ 
as regards the primary coordinate system having the local origin 

at the minutia H^, Likewise, each secondary proximate minutia 

k k k 
M^j^ has position and direction data x^y^ • y^^j^ , and d^j^ 

25 as regards the secondary coordinate system Xj^-yj^ having the origin 

at each primary proximate minutia N^j^ and a ridge count Rj^j^ 

between the secondary proximate minutia M^j^ and the primary 

proximate minutia H^j^, 
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Each primary proximate ainutia M^^j^, although so naned, 

in an ik-th minutia. The ridge count and the position and the 

direction data which the secondary poroxijnate siinutiae M.. have 

ikr 

relative to the primary proximate ainutia H^^, are therefore 
readily obtained by the relation linking unit 126 illustrated 
with reference to Pig* 19 with reference to the ainutia list 
memory 71 (Pig. 6) loaded with the minutia and the fundamental 
relation data of the ik-th minutia H^^^ as exemplified in Fig, 

It is, however, desirable for use in the pair detection 

that the ridge count should be the number of ridges between the 

refexrence ainutia H^^ and each secondary proxiaate ainutia N^j^* 

Furthermore, the position and the direction data should be given 

in direct relation to the primary coordinate system having the 

local origin at the reference ainutia H^. The latter ridge coiints 

and position and direction data for all secondary proxiaate ainutiae 

of the reference minutia M^^ will be called secondary relation 

data of the reference ainutia M^, The secondary relation data 

of either one or all of the secondary proxiaate ainutiae M.. 

iKr 

will now be denoted by r^j^, x^^j^, y^^j^, and d^j^. 

Like the primary proxiaate ainutia each secondary 
proximate minutia M^j^ is an Ikr-th ainutia. It is therefore 
possible to readily obtain the position and the direction data 
^ikr* ^ikr* ^ikr ^^^^S the relation linking unit 126 exemplified 
in Fig« 19 &nd by giving the translation coaponents x and ^ and 
the angle of rotation 0 the position and the direction data X^i 
Y^, and D^^ of the reference minutia rather than the position 
and the direction data X^^j^, Y^^, and D^^^ of each priaaxy proximate 
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■inutla K^y* ^ 

As for the ridge count ^^ig^* Attention should be directed 
to the fact that each eecondary proxi«ate ainutia is remoter 
ftom the reference minutia M^^ than the porfjary proximate ninutia 
for the secondary proxisate ■inutla M^^ under consideration 

iK ""^ 

in that quadrant of the primary coordinate system in Nhioh the 
primary proximate minutU M^^ is present. The ridge count 
is therefore readily calculated by using the ridge counts Ry^ 
and Rj^jQ.*. The ridge count \^ is given in the minutia list 
memory 71 (Plg. 6) for the reference minutia M^^. The other ridge 
count R.vJ' is ^ **** »inutla list memory 71 for the 

ik-th minutia Vi^u 

Turning to Fig. 25, the composite minutia memory 197 
is for storing a sequence of the minutia data of each minutia 

and the. primary and the secondary relation data thereof for 
the search fingerprint and one file fingerprint at a time. The 
sequence will be called composite relation link data. 

Referring to Fig, 24 once again, the composite relation 
linking unit I96 is for calculating the composite relation link 
data of each minutia M^^ of the search or the file fingerprint 
foe storage in the composite minutia memory 197 » exea5>lifled 
in Fig. 25, An example of the composite relation linking unit 
196 comprises a ridge count register 201 and a ridge count calculator 
202 in addition to the circuitry illustrated with reference to 
Fig, 19. The ridge count register and calculator 201 and 202 
will presently be described more in detail. The signals used 
fcr and in the pair detection circuit 77 wil be called as before 
and designated by like reference numerals although there are 
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certain differences between the ajgnals being used and the previously 
described signals as will shortly become clear. 

Turning back to Pig. 19. the illustrated relation linking 
unit 126 carries out the relation linking operation also in the . 
composite relation linking unit I96 (Fig. 24) as described heretobefore 
until the fundamental relation data H^j^ and M^j^ of the 1-th minutia 
¥1^ are suppplied as the input data signal 132 from the minutia 
list memory 7I (fig. 6, 7IS or 7IF) accessed by the first address 
signal 131 indicative of the ainutla number M^^. The output data 
signal 136, the second address signal I37, and the transfer signal 
1^*9 are delivered towards the composite minutia memory I97 instead 
of the minutia memory 127 (Figs. I7 and 20). 

Before delivery of the foremost primary proximate minutia 
\e central controller 129 from the shift register 

134, the ridge count R^^^ produced from the shift register I34 
and included in the output data signal I36, is fed also to the 
ridge count register 201 (Fig. 24) and stored therein. When 
the le-th minutia M^^ is indicated by the first address signal 
131 instead of the i-th minutia K^, the controller 129 retains 
the reference minutia number H^. The fundamental relation data 

\ep' ^ieO' ^iel' •••• \ey \ej °^ ie-th xainutia K^^, 
namely the primary proximate minutia H^^, are included in the 
input data signal I32 and stored in the shllt register I34 in 
the shift register stages next folloMing the stage to which the 
last datum M^^^ of the previously stored fundamental relation 
data of the i-th minutia is shifted. The controller 129 retains 
also the primary proximate minutia number M. . 
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Having caxrf led .dut the relation Unking c^eration of 

the primary relation data as regards the primary proximate minutia 

M , the controller 129 receives the next following primary proximate 
ie 

minutia number ¥1^ from the shift register IJk to make the first 
5 address signal I3I specify the if-th minutia as described 

hereinabove. The controller 129 retains the minutia number ¥1^^, 
In this manner, the controller 129 retains for each 

reference minutia M^, the reference minutia number M^^ and -Uie 

primary proximate minutia numbers M^^j^. The ridge count register 
10 201 keeps the ridge counts Ry^. The registers 135*8 atiH keep 

the position and the direction data X^, X^, and of the reference 

minutia K^. 

After the primary Felatioii .data tf .the reference minutia 
Mj^ are stored in the composite minutia memory 197, the controller 

15 129 receives the foremost seeondaary proximate minutia number, 
such as n^^Q, from the shift register 13^ and compares the saoe 
with the minutia numbers and M^j^ retained therein. If different, 
the controller 129 holds the minutia nuaibex M^^q and makes the 
first address signal I3I specify the ieO-th minutia M^^q and 

20 the second address signal 137 indicate the row address of the 
reference minutia VL^ and the column address for «ie ridge count 
x^^Q and the position and the direction data x^eQ. ^ieO* 

*ieO' 

In the meantime, the controller 129 »ake8 the ridge 

25 count register 201 supply the ridge count R^^j^ to the ridge count 

calculator 202 and the shift register 13^ deliver the ridge count 

R - also to the ridge count calculator 202, The ridge count 
ieu 

calculator 202 produces the ridge count r^^j^ as a part of the 
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output data signal I36. 

The position and the direction data X^^^^, and 
*leO co^P^i'*®*^ input data signal I32 are delivered directly 

to the subtracters 138' s. The adder 1^, the subtractor 14?, 
5 and the D subtractor I38D produce the position and direction 

^ieO* ^ieO* ^leO *® ^iOther part of the output data 
signal 136, 

Subsequently, the controller 129 receives the next 
following secondary prfcximate minutia number, such as the iel-th 

10 minutia number M^^^^, If the minutia number M^^^^ is different 

from the reference minutia number M^, the primary proximate minutia 
ntimbers M^^j^, and the already retained secondary prcocimate minutia 
number or numbers 1 such as \^Qf the above-described processes 
are repeated* If the secondary proximate minutia number being 

15 supplied, js equal to one of the reference, the primary proximate, 
and the already stored secondary proximate minutia numbers, the 
controller 129 at once receives the next following secondary 
proximate minutia number from the shift register 13if, In this 
manner, the secondary relation data of the reference minutia 

20 Mj^ are stored in the composite minutia memory I97, 

Thereafter, the controller 129 aakes the first address 
signal 131 indicate the next following reference minutia number, 
clearing the ridge count register 201. The shift register I34 
ts aiready rendered empty. After the composite relation data 

25 of the last reference minutia are stored in the (buffer memory 
151 or 152 of the) composite minutia memory I97, the controller 
129 produces the transfer signal 1^9. 



00981 52 

56 

Refexrlns to Fig. 21 again, the exesplified pair detecting 
unit 128 servea well as an example of the composite pair detecting 
unit 198 if the local controller 159 Is slij^tly modified. More 
specifically, attention will be directed to the instant at which 

5 comparison of F&rmulae (5) comes to an end for the foremost primary 

proximate minutiae M^^g and Mj^p in the search and the file fingerprints 
with ihe second counter 172 renewed to a certain count. The 
controller 159 ^oes not thereafter makes the address signal l62 
immediately indicate the next following primary proximate minutiae 

10 of the search and the file fingerprints but access, while keeping 
access to the data Bj^^g. x^^g, y^^^g. and d^^g, successively to 
the secondary proocimate minutia data r^^j.^.* ^ierF' ^ierP* 

^ierF* 

If the specific code is detected by the code detector 
15 173 in place of any one of the ridge counts rj^^^pt the first 
counter I71 is counted up. The second counter 172 is coiinted 
up by the output signal ifiiich the A!© circuit I68 produces when: 

I'^ieS ~ ^jerp' » ^r* 

20 bies " yjerF' » ^y' 

and |d^gg - dj^^pl ^ T^. 

The controller 159 thereafter makes the address signal 

162 indicate each of the primary proximate minutiae H^^^q and 

successively the foremost primary proximate minutia Mj^j. and 
25 the secondary proximate minutiae Mj^^^p. After access to the 

last combination of the secondary proximate minutiae ^^^^ and 

H „. the address signal 162 is made to access the next primary 
JerF 

proximate minutiae Mj^^fg and Hjj.p, 



(7) 
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(6) Fair Candidate List 

Referring to Fig. 26, an exanple of the pair candidate 
list nemory 73 (Fifit 6) has 6lxty-*four row addresses accessible 
by the address signal I76 (Figs* 1? and 21 ) representative of * 
the respective search minutiae Mq throu£^> (or M^-j^' aemory 
73 has sixteen column addresses assigned to the file mlnutla 
numbers Mj (O through 15 ) Khlch are represented also by the address 
signal 176 and are selected from the file mlnutla numbers Hq 
through (for example, ^^^^ rearranged ais follows, 

A pair candidate list Is formed In the memory 73 at 
a fourth step shown In Fig, 9» Each entry specified by a 
search mlnutla number and one of rearranged file mlnutla numbers 

has a pair candidate field N^^ and a wel^t field V^^. The 
local similarities represented by the data signal I77 (Figs, 17 
and 21) between each search mlnutla M^g and the selected file 
minutiae (pairs In fact) Hjp Indicated by the address signal 
176 are compared with one another by the sequence controller 
69 (Fig, 6) or elsewhere. The file mlnutla numbers H.™ are thereby 
rearranged In the descending order of the local similarity. 
The column addresses are accessed in this descending order. 
For example, the zeroth column N^^ of the row address accessible 
by the search mlnutla number H^i Is for a file mlnutla having 
the highest local similarity with the search mlnutla M^^g, 

The local similarity, now called a weight V^y is stored 
in the weight field V^y When only one file mlnutla is found 
for the search mlnutla H^^ during the pair detection as a single 
X>air, data are stored in only the zeroth column. As a consequence, 
each row address may be loaded with the data only to a certain 
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coluBm address depending on the threshold supplied to the coaparator 
164 (Fig, 2l). A specific aark is stored in the welj^t field 
H. . of the next following enpty colunn address. It is possible 
to understand that a adnutia nuaber of the file fingerprint is 
stored in the colunn address in which the specific aark is stored 
in place of the wei^t and consequently that each row addzress 
for a search minutia M^^g is loaded with a plurality of file ainutiae 
which are found to be in pairs with the search ninutia H^g. 
(?) Amounts of Coordinate Adjustment 
As described above » the pair candidate list memory 
73 (Figs, 6 and 26) is formed by detecting the minutia pairs 
based on the relatively coarse quantisation step* Each search 
minutia Is related in the pair candidate list memory 73 to at 
least one file minutia in the descending order of the local similarity 
or weight V... The pair candidate list memory 73 is useful on 
more precisely matching the principal coordinate system selected 
for the search fingerprint with the principal coordinate system 
of each file fingerprint by deciding a set of optimum amounts 
of coordinate stdjustment for the principal coordinate systems. 
It will be assumed that the principal coordinate system of the 
search fingerprint should be more precisely matched to the principal 
coordinate system of a file fingerprint. 

Referring to Fig, 27 p an example of the 4ooordioate) 
adjustment amount deciding circuit ?8 (Plg. 6) is for rapidly 
and reliably deciding the optimum amounts as shown at a fifth 
step A^ in Fig. 9, Decision of the optimum adjustment amounts 
is carried out by referring to the exemplified pair candidate 
list memory 73 (Pig. 26) and to either the minutia memory 127 
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(Figs. 17 and 20 ) or nore preferably back to the minutla list 
memory ?! which may be loaded with the precise data as exemplified 
in Fig. 10. 

Each set of adj))stment amounts consists of 4 pair of 
translation components and an aijgle of rotation, which will now 
be denoted again by x and ^ and afresh by nj^*. It Is to be noted 
that the angle represents a preselected xinlt angle and that 
the letter n. an integer. 

At the outset, the principal coordinate plane of the 
search fingerprint is rotated by an angle n^' into a coorditiate 
system 9 which will be called a search coordinate system. Let 
the position data and of a search minutia M^, be forward 
transformed by the rotation of the principal coordinate plane 
to a temporary set of position data X^^ and Y^j^. Let one of 
the file minutiae that is given in the pair candidate list memory 
73, be the j-th mlnutia M^p, The position data of the minutla 
Mjp will be designated by and Tt^^w which may be read from 

the file mlnutia memory 71F of the mlnutia list memoify 71, A 
pair of differences x' and y' are calculated byi 



(8) 



The exemplified adjustment amount deciding circuit 
78 comprises a difference coordinate plane memory 211 representative 
of a difference coordinate plane (denoted also by the reference 
numeral 211 ) which will shortly be described more in detail. 
The circuit 78 forms a weight map on the difference coordinate 
plane 211 as will be described in the following. 
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Turning to Pig. 28, an exaople of the difference coordinate 
plane nenory 211 has abscissa address accessible by the difference 
X* and ordinate address accessible by the difference y' , An 
address specified by a combination of the differences x* and 
5 y» will be called a coordinate address. It is assuaed that each 
difference x' or y* is froa ainus 8 up to plus 7, both inclusive. 

Referring to Pig. 29 in addition to Pig. 2?, the control 
Bemory 75 (Pig. 6) specifies a search ainutia M^^ to read the 
precise positon and direction data X^, Yj^, and Dj^ directly froa 
10 the Binutia list aeaory 71. As will later becoae clear, let 

the amounts of adjustaent x' , y' , and n^' be provisionally selected 
and stored by the control aeaory' 75 in Ihe registers 91 «irou0i 
93 (Fig. 13) of the exeaplifled coordinate transforaing circuit • 
72. Tar the tioe being, sero is used at a first, 6tep C-j^ as x* 
15 and y* which are provisionally selected as the translati<m coapwients 
X and jr. (precise) position and direction data read out 

- of the ainutia list aeaory 71 are transformed by the coordinate 
transforming circuit 72 into the search position and direction 
data X - , Y , , and D., . Incidentally, the BOM 9^ produces the 
20 values cos(n^') and 8in(nj<'). * 

Subsequently, the control aemory 75 accesses the row 
address allotted in the pair candidate list aeaory 73 to the 
search minutia H. „ and a certain column address to find a file 

iu 

ttinutla H.-, which provides a pair with the search ainutia H,^. 

25 The (precise) position and direction data of the file ainutia 

are read directly from the ainutia list aeaory 71 as 

y , and D . Differences x\ y', and d' are calculated according 
aij aij 

to Equations (8) and tot 
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^' = '^Mj - "si- (9) 
The control memory 75 supplies the differences x* and 

y' to X and Y input terminals Xj and and also a control signal 

to a control input terminal Cj. When the control signal takes 

5 a binary one value, X and Y selectors 212 and 213 supply the 

differences x' and y' to the difference coordinate plane memory 

211, The contents of a coordinate address specified by the differences 

X* and y* in the memory 211, is supplied to one of two input 

ports of an adder 214, The other input port is supplied with 

10 the weight W^^ from the pair candidate list memory 73 through 
a wei^t input terminal Hj» The sum calculated by the adder 
Zlk is stored in the coordinate address being accessed. 

In this manner, the weights W^^ are accumulated on 
the difference coordinate plane 211 according to the differences 

15 x* and y* to provide the weight map. The weights V accumulated 

on the respective coordinate addresses are dependent on the angle 

of rotation n0' , Incidentally, the exemplified abscissa and 

ordinate addresses are relatively coarsely quantised although 

the position and the direction data X.. , X and so forth are 

sx mi J 

20 precise. The access to a coordinate address is therefore carried 
cfut by using only four consecutive more significant bits of each 
of the row and the column address signals. 

More particiaarly, the control memory 75 initializes 
the contents of the respective coordinate addresses to aero at 

25 a second step C^. At this instant, the address signal 162 is 

made to Indicate the aeroth search minutia as shown at a third 
step C^. The search position and direction data X - , Y , and 

^ Bl si 

are calculated at a fourth atep C^, with the search minutiae 



0098152 

62 

successively specified. At a fifth step.C^,. the ainutls type 
Is checked. If the end aark Is detected, the wele^t aap Is 
complete. 

If the end nark is not detected at the fifth step C^, 
the colunn address is Initialised to sero at a sixth step Cg. 
The ^Ir candiaate list aeBOiry 73 is accessed by the row and 
the colttmn addresses at a seventh step C^. The accessed wel^t 
field W. . Is checked at an el^tb step Cg whether or not the 
specific mark is present. If the specific aark is detected, 
the ei^th step Cg returns to the fourth step C^^. 

If the specific Aark is not detected at the eighth 
step Cgp the minutia list aemory 71 is accessed at a ninth step 
C^* position and the direction data ^^^^y ^miy ^alj 

are read out and used to calculate the differences x' , y* , and 
d' according to Equations (8) and (9), Th^ minutia number 
is increased by one. 

At a tenth step C^q, the differences x\ y\ and d' 

are checked against preselected thresholds t^, t^, and t^. If 

at least one of the differences exceeds the threshold, the tenth 

step returns to the seventh step C^. If all differences 

are equal to or less than the respective thresholds, the wei^t 

V is added to the content of the coordinate address at an eleventh 
1 J 

step Cj^j., The steps through Ojj^ or the steps througji 
and C^j^ are repeated. In the weight sap exeaplified in Fig. 28, 
the accumulated weights are exemplified by numbers selected froa 
1 through 8. 

Turning to Fig. 30, a factor table 216 is exemplified 
for use in searching a specific coordinate address at which the 
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accumulated weight is aaxinum. The table 216 is preferred in 
order to exclude a coordinate address at which the accuaulated 
weight shows an unduly high value. The table 216 is used as 
will presently be described for each coordinate address of search 
5 and gives factors to be multiplied by the weights accumulated 
onr nine coordinate addresses which form a matrix of three rows 
and three columns with the coordinate address of search at the 
center. 

Referring to Fig. 31 besides Fig. 2?. an initial value 

10 of zero is set at a first step D^^ In first through third registers 
221, 222, and 223, a maximum register 225, and first and second 
register files 226 and 227. Another Initial value of minus 8 
is set in X and Y registers 228 and 229 to Indicate a start point 
of search (the leftmost and lowest coordinate address of the 

15 difference, coordinate plane 211). A binary aero vaiae Is gt»an 
to the control signal (Cj), responsive to which the selectors 
212 and 213 make the contents of the X and Y registers 228 and 
229 access the weight map and responsive to which the difference 
coordinate plane memory 211 is adapted to read out. 

20 The first register file 226 is fed directly from the 

difference coordinate plane memory 211. The second register 
file 22? is fed from the first register file 226, The register 
files 226 and 22? are accessed by the Y register 229, 

The adjustment amount deciding circuit 78 comprises 

25 first through third selectors 231, 232, and 233. A timing signal 
input terminal, depicted separately at 23^ and 235, is supplied 
with a timing signal from the control memory 75, The timing 
signal specifies first and second timings T^ and T^ by, for example. 
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logic zero and one values, respectively. 

A first adder 236 Is for adding twice the data selected 
■by the second selector 232 and the data selected by the third 
selector 233. A second adder 237 1» for adding the data siqjplied 
5 from the first adder 236 and the data selected by the first selector 
231 to supply the sum to the first register 221 and also to a 
comparator 238. The sua Is furthermore directed towards the 
Baxifflua register 225* 

During the first timing T^^, the registers 221 through 
10 223 are enabled. Furthermore, the selectors 231 throu^ 233 

are made to select the data stipplled directly from the difference 
coordinate plane memory 211 and the data sullied from the register 
files 226 and 227, respectively. The following processes are 
therefore carried out concurrently at a second step Dg. 
15 • BKl DIP(ia, HI) 4 2rBFl(DY)] 

4 RF2(Dy), 

RK2 — m, 

RK3 RK2, 
RFl{m) *' DIP(DX, DX). 
20 and RKCDY) — BEI(DY), 

where DX and DY, DIP, BKl through RK3» and BFl and HF2 represent 
contents of the X and Y registers 228 and 229, of the difference 
coordinate plane memory 211, of the registers 221 through 223, 
and of the register files 226 and 227, respectively. The data 
25 on the right-hand side represent the contents before renewal 
and those on the left-hand side , renewed data. 

During the s«*cond timing Tg, the registers 221 through 
223 are disabled. The selectors 231 through 233 are made to 
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select the data fed from the registers 221 through 223, respectively. 
As a result, the second adder 237 produces a bub (RKI t 2[liK2] 
t RK3). The comparator 238 compares the sum with the content 
(MDIF) of the maximum register 225. If the sum is less than 
5 the content, the comparator 238 enables an AND circuit 239 for 

the logic one timing signal. An input port of the aaximua register 
225 is therefore enabled. The following processes are simultaneously 
carried out at a third step D^. 

MDIF RKI 4 2CHK23 i ia3, 

10 i)x' — m, 

and DX' <- DI, 

where DX' and DY* represent the contents of X* and Y' registers 
Zkl and 242. 

Thereafter, the control memory 75 sends another timing 
15 signal to an input terminal 2^3 to enable inputs to the X and 

y registers 228 and 229. At a fourth step D^, a first one-adder 
Zi*$ adds one in general to the content DI of the X register 229. 
Only when the content DY represents seven, the one-adder 21*6 
supplies a carry to a second one-adder 2^^?. which adds one to 
20 the content DX of the X register 228. Mien the content DX becomes 
equal to seven, the second one-adder 2^*7 delivers a carry to 
an end output terminal 2^. The latter carry is detected by 
the control memory 75 as an end of the search at a fifth step 
Hy Before detection of the latter carry, the processes return 
25 from the fifth step D^ to the second step D^. When the latter 
carry is detected, the contents DX' and DY' are x«ad out of the 
X' and y registers 241 and 242 as the translation components 
X and jr at a sixth step D^. 
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In order to facilitate an understanding of the search, 
let It be assumed that the contents SX and DX of the X and Y 
registers 228 and 229 are for the abscissa addrp^s x* of 3 and 
the ordinate address y* of 5 of the difference coordinate plane 
211 exemplified in Fig. 28. During the first timing T^^, Formulae 
(10) show that the contents RFl(5)t RF2(5). and RKl through 
RK3 are equal to DIP(2, 5), DIF(lt 5). (DIF(3t 5) 2[DIF(2, 5)3 
+ DIF(1, 5)), (DIF(3, ^) ^ 2CDIF(2, 4)] H DIF(1, k)) or the content 
RKl which the first register 221 had at the previous instant 
when DY w»equal to h, and (DIF(3, 5) 2[DIF(2, 3)3 + DIP(l, 
3)) or the content HKl which the first register 221 had at the 
next previous instant when DY was equal to 3, respectively. 

In the course of the second timing T^, processes are 
carried out according to Formulae (ll). The second adder 23? 
gives a sum which is equal toi 

DIP(3, 5) 2[DIF(2, 5)3 t DIF(l. 5) 
t 2CDIP(3. 4) 4[DIF(2, if)] i 2CDIF(1» k)} 
+ DIF(3, 3) ♦ 2[DIF(2. 3)3 DIF(l. 3). (l2) 
which shows that the above-described search is carried out by 
multiplying nine accumulated weights by the factors of the factor 
table 216 (Fig. 30) and by summing up the products. It is to 
be noted In connection with Equation (12) that the greatest factor 
of k Is multiplied to DIF(2, k). namely, the weigjit accumulated 
on the coordinate address (2, 4) rather than the coordinate address 
(3t 5) being checked. The coordinate address on which the maxinim 
weight Is accumulated, is therefore given by (X* • 1, Y* - l)» 
The optimum amounts of coordinate adjustment are obtained by 
alternatingly repeating the above-described accumulation and 
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search. 

Referring afresh to Pig, 32 and again to Fig. 27, the 
working area 74 (Fig. 6) is for storing the unit angle of rotation 
0* » the integers n, the naxlmum value of the Integer N» an angle 
of rotation fi as will shortly be described, (x* - l) and (Y' 
- l) previously obtained from the contents and Y' of the X* 
and Y* registers 241 and 242, and that content read out of the 
maximuA register 225 which will now be called a previous maxiaum 
and denoted by MDIF* , 

At the outset, the control aeaory 75 sets the unit 
angle 0* and the aaximua integer N in the working area 74 at 
a first step Ej^. The menory 75 gives an initial value of »ero 
to the integer n and also to the jurevious naxiaua HDIF* at a 
second step 

The control nemory 75 nakes the exemplified adjusting 
amount deciding circuit 78 (Fig. 27) form a weight map at a third 
step and then the search at a fourth step E^^. Besponsive 
to the end of search signal, the memory 75 reads the maximum 
register 225 and compares the maximum MDIF with the previous 
maximum MDIF* at a fifth step E^. Uhen the read-out maximum 
MDIF is greater than the previous maximum MDIF* , the control 
memory 75 substitutes the former f Or the latter at a sixth step 
E^. Furthermore, the memory 75 reads the X' and Y* registers 
241 and 242 and substitutes (X* - l) and (Y* - l) for the previously 
read-out values in the working area 75 and rewrites the angle 
of rotation ^ by the angle of rotation nf* by which the new maximum 
is obtained. 
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The control neaory 75 changes the sign of the Integer 
n at a seventh step iE;^. If the read- out aaxlDua HDIP Is equal 
to or less than the previous maxl«UM MDIF' , the step jumps 
to the step E^. An an el^th stc^ Eg* the fiiemory 75 checks whether 
or not the nev Integer Is equal to or greater than sero. If 
not, the step Eg retuims to the step E^, If the new integer 
is equal to or greater than sero, the senory 75 checks whether 
or not the nev integer is equal to the naxisua integer N at a 
ninth step E^. If not, the TOBWy 75 adds one to the new integer 
at a tenth step E^q and aakes the process return to the second 
step Eg. If the Baxlaum integer H is reached, the optiaua aaounts 
are obtained. 

It nay be that the maximum HDIF eventually obtained 
as a result of the above-described steps, is found at a sixth 
step of' Fig. 9 to be less than a preselected threshold. In 
this event, the control aemory 75 judges that the file fingerprint 
being matched, is different from the search fingerprint. In 
other words, the matching is unsuccesful. The memory 75 suspends 
the matching and informs the matching control device 55 (Fig, 
l) of the fact. Only when the eventually obtained maximum MDIF 
exceeds the threshold, the memory 75 transfers the precise position 
and direction data and so forth ftoa the minutia list memory 
71 (Fig. 6) to the precise matcher 57 (Fig. 2 or 3) through a 
bus 249 (Fig, 2) or the buses 64 and 90 (Fig. 3) at a seventh 
step A^ of Fig, 9. The transfer of the position and direction 
data and the like is preferably carried out with reference to 
the pair candidate list memory 73 and throuf^i the coordinate 
transforming circuit 72 in which the optimum amounts of adjustment 
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are set for the forward transformation, 
(8) Precise Matcher 

Referring back to Pig. 7, the first nlnutla list Is 
transferred as a second ainutia list in the second mlnutla list 

5 memory 81. As will presently become clear, the minutiae used 

In the precise matcher 5? are those listed in the pair candidate 
list memory 73 and the (primary) proximate minutiae of the search 
and the file minutiae given in the pair candidate list. It will 
be assumed for convenience of description that the minutia.list 

10 memory 81 is loaded with the second minutia list in the form 
shown in Fig, 18 together with the identification numbers of 
the search and the file fingerprints being dealt with. The pair 
candidate list memory 73 is rendered empty by transfer of the 
pair candidate list provisionally to the pair cfimdidate list 

15 memory 83." The region pattern list is transferred either from 

the first minutia list memory 71 or directly from the data storing 
device 54 (Fig. l) to the region pattern list memory 87. 

At an eighth step Ag depicted in Fig, 9, the sequence 
controller 79 (Fig. 7) reads the position and the direction data 

20 of the pair candidates from the minutia list memory 8l with reference 
to the pair candidate list memory 83. Ihe read out is carried 
out directly without the use of the coordinate transforming circuit 
« B2, This is because the data are stored in the minutia list 

memory 81 with the coordinates optimally matched at the seventh 

25 step A^, The read-out data are checked against thresholds which 
are stricter than those used in Formulae (5), Comparison defined 
by Formulae (6) and (7) is no more necessary. The sequence controller 
79 selects those 01 the pair candidates together with the weights. 
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which axe within the stricter thresholds. 

Referring now to Fig. 33 1 "the selected search oinutiae 

will be denoted by H . The file ainutia which is in a stricter 
" s 

pair (the stricter pair being possibly still "pairs") with each 

5 selected search ndnutia N^, will be designated by where f 

represents a strictly selected one of 0 through js for the file 

fingerprint. The wci^ts which are provisionally aoved to the 

pair candidate list memory 83, remain only for the stricter pairs 

after the eighth step Ag (Pig, 9). 

10 At a ninth step of Fig. 9t the pair candidate list 

memory 83 (Fig. ?) is modified as regards the remaining wei^ts. 

As described above, the proximate minutiae H^^ and M^^ are stored 

in the minutia list memory 81. 

The sequence controller 79 (Fig. 7) successively accesses 

15 the minutia list memory 81 by the minutia numbers and to 

read the proximate minutia numbers and H^^. Ttie controller 

79 searches the pair candidate list memory 83 for the proximate 

minutiae M^^ in the row address assigned to each proximate minutia 

H . If one is found as depicted at M„, (Fig, 33), the file 
sr I 

20 minutia N^, is in stricter pair with the proxiiaate search minutia 
Hgj, being dealt with. The wei^t for the pair H^^ and Mj», is 
added to the wei^t for the pair and to provide a modified 
weight for the pair and M^.. 

In each row address of the pair candidate list memory 

25 83, the pairs are rearranged in the descending order of the modified 
weights. The modified weie^ts so rearranged, will be denoted 
by where t represents 0, 1 
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Referring to Pig. 34, the pair list aeaory 86 (Pig, ?) 

comprises search and file pair list aeaories 86s and 8$P. The 

search pair list aeaory 86S has row addresses assigned to (strictly 

selected) search minutiae N^^ throuf^i Ng as will presently be 

described. Each row address has a pair field and an evaluation 

field The file pair list aeaory 86F likewise has row addresses 

s 

allotted to (strictly selected) file minutiae VL^ throu^ M^,, 
Each row address has a pair field and an evaluation field 

V 

At a tenth step A^q of Fig. 9» the pair list aeaory 
86 is formed as follows. At the outset* the evaluation fields 

and are initialized to a negative value. The pair candicSate 
list memory 83 is repeatedly scanned froa the row address 
to the row address Mg, Proa the pair (N^» M^q) having the aaxittua 
modified wei^t and consequently stored in the seroth column, 
the aodified wel^t V^^ Is read out. A difference between the 
aaxiroum modified weight V^q and the xxt following modified weight 
*'sl calculated. 

Reliability of the pair is decided for each pair (N , 

8 

M^q) in consideration of the modified wei^t W^^ and the difference. 
The pairs of each row address are rearranged in the descending 
order of the reliability. The pairs (N^, M^q) are renumbered 
into pairs (N3. or (N^, M^), (N^, H^). (N^, M^, 

, , , (the suffix 8 being not necessarily less than the other suffix 
f). The modified weight, now called evaluations , Y , 

X S 

...» V^, .... are substituted for the negative value in the resi>ective 

evaluation fields V^. , The pairs remaining 

in the pair ccuididate list memory 83 are erased. 
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Turning to Figs. 35 -and 3^* one of proxlaate inlnutiae 

of a search alhutla (renuabered) is depicted at N ^ together 

o sr 

with a file minutia (also reznua>ered} in a pair for the search 

minutia N in the Banner depicted in Fig. 33. Like the Aodification 
s 

of the pair candidate list aeaory 83 « the pair list meaory 86 
is aodif led in a former half of an eleventh step illustrative 
of decision of the evaluation in Fig. 9. 

At firsts the row address ^Is checked in the search 
pair list meaory 86S. If the evaluation is positive (not 
the initial value), the file ainutia nuaber of the pair is 
read out. The search ainutia H is used to access the ainutia 
list aeaory 81 (Fig. ?) to read the proxiaate ainutia nuabers 
H^^, Each proxiaate ainutia N^^ is used to check the search 
pair list aeaory 86S whether or not the evaluation field V^^ 
is positive. poeitive» the evaluatibh IT^j. Is added to the 
evaluation V . The evaluation is rewritten hy the sua, which 

S B 

will be called a aodified evaluation and again denoted by V^. 
The other row adddress of the pair list aeaory 86 are siailarly 
dealt with. 

Further turning to Figs. 37 and 38, a file ainutia 
Mj., is depicted together with a proxiaate ainutia Mj.,^. The 
proxiaate minutiae M^.^. "^d froa the ainutia list aeaory 
61 as before. 

The aodification of the pair list aeaory 86 is followed 
by relaxation of the evaluation in the latter half of the eleventh 
step Ky^ of Fig. 9. During aodification of the pair list aeaory 
86, the negative initial value aay be read froa the evaluation 
field V-., of the row address for the ainutia M^, . The position 
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data of the oinutla H^, jare read directly ftron the alnutia list 

memory 81 and used to access the region pattern list memory B?, 

If the region j)attern list memory 8? Indicates that the mlnutla 

M^, is In the unclesur area (Fig. 4), the negative initial value 

is rewritten in the evaluation field V^, to aero which is indicative 

of ''don't care." If the mlnutla M^, is in the file, fingerprint 

area, the negative initial value is left as it stands. 

The relaxation of the evaluation is carried out also 

for the search minutiae N . In this connectiont attention should 

s 

he directed to the facts that the position and the direction 
data of the search minutiae are given by a coordinate system 
into Khich the principal coordinate system for the search fingerprint 
is forKardly transformed on loading the mlnutla list memory 81 
by the use of the optimum amounts of coordinate adjustment and 
that the pattern region list of the search fingerprint is given 
in the pattern region list memoiry 8? by the principal coordinate 
system. The coordinate transforming circuit 82 should therefore 
be used on reading the position data from the mlnutla list memory 
81 to access the region pattern list memory 8?, For this purpose, 
the registers which correspond to the registers 9I through 93 
in the circuit 82, should preliminarily be loaded with the optlmim 
amounts when the fingerprint matching is transferred from the 
leading matcher 56 to the precise matcher 57, A search mlnutla 
for which the negative initial value is left xintouched in the 
evaluation field, will be denoted by N 

s 

The relaxation of the evaluation is continued. The 
ridge count R^.,^ (Fig. 36) which the file mlnutla M^, has relative 
to each proximate mlnutla M^,^, is read from the mlnutla list 
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aeBory 81, If the ridge count R^,^ is equal to eero, the minutiae 
M^, and M^,^ are vary closely positioned on the file fingerprint 
and will be called close nlnutlae, The direction data and 
D^,^ are checked as will shortly be described^ whether or not 
the directions J>^^ and 0^,^^ are opposite to each other. If the 
negative initial value is left also in the evaluation field V^.^p 
the negative initial values are changed in the evaluation fields 
V^, and Yj.,^ to aero indicative of ••don't care** as before. The 

process is carried out also for the search ainutiae N The 

s 

direction data are checked in the exeftplified precise natcher 
37 by the arithmetic unit 89 under the control of the control 
neaory 85 and in cooperation with the working area 8^, 

^S. 39 exespllfies several combinations of close minutiae 
having opposite directions. It is to be noted that the direction 
of a bifurcation is depicted opposite to that defined in the 
above-referenced Asal Patent. 

Referriag to Fig, W» a direction checking circuit 

is for use in place of the arithmetic unit 89 in solely checking 

the directions. The position and the direction data of the close 

minutiae M^, and H^,^ or M^, and N . will be denoted merely 
l' I T s 8 r 

by X, X; and D and X* » Y* , and D\ A complement calculator 251 
is supplied with the direction datum D* to produce a direction 
datum Dq opposite to the direction D\ namely, a sum of D' and 
71. The absolute values of differences between X and X* , between 
Y and Y* , and between D and are calculated by absolute difference 
calculators 252, 253 » 25^, A threshold ROM 256 is for supplying 
comparators 257, 258, and 259 with thresholds for comparison 
with the respective absolute values of differences. 
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Attention should be directed to the direction data 
D and stf that the angle of tt radians nay be given by the 
most significant bit. This Is in order to Inswe the difference 
(D * Dq) as regards the periodicity of angle. 

A direction RON 261 is accessed by the differences 
(X - X') and (Y - V) or by the absolute values of the differences 
and the sign bits of the respective differences. The ROM Z6l 
is prellffllnarily loaded with angles 0 (the sane synbol being 
again used) given byi 

ff = arctanC(y - Y)/(X' - X)3. 

The absolute values of differences between the direction 
datum D and the angle 0 and between the direction datim Dq and 
the angle 0 are calculated by additional absolute difference 
calculators 262 and 263. The threshold ROM 256 supplies additional 
comparators 26? and 268 with an additional threshold for comparison 
with the absolute values calculated by the calculators 262 and 
263# Atten};ion should be directed to the facts that each difference 
is nearly equal to aero and that the most significant bit of 
the difference would coirrespond to 7l/2. 

An AKD gate 269 is supplied with the results of comparison 
from the comparators 257 throu^ 259 • 26?, and 268. Only when 
all results show that the absolute values of the differences 
are not greater than the thresholds « the AND gate 269 supplies 
the sequence controller 79 (Fig. 7) with an output signal indicative 
of the fact that the close minutiae have opposite directions. 

Referring to Fig. 41, small circles show file minutiae 
and H^, • Dots show search minutiae N and K , . It nay be 

X . X S 8 

found that close minutiae do not have opposite directions. In 
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Attention should be directed to the direction data 
D and Dq b6 that the angle of 7t radians nay be given by the 
most significant bit. Thia la in order to insure the difference 
(D * Dq) as regards the periodicity of angle. 

A direction RON 261 is accessed by the differences 
(X - X*) and (y - Y') or by the absolute values of the differences 
and the sign bits of the respective differences* The ROM Z6l 
is preli&inarily loaded with angles 0 (the saffle sysibol being 
again used) given byi 

^ = arctan[(Y* - y)/(X' - X)3. 

The absolute values of differences between the direction 
datum D and the angle if and between the direction datum Dq and 
the angle 0 are calculated by additional absolute difference 
calculators 262 and 263. The threshold ROM 256 siqiplies additional 
comparators 26? and 268 with an additional threshold for coapariaon 
with the absolute values calculated by the calculators 262 and 
263. Attention should be directed to the facts that each difference 
is nearly equal to zero and that the most significant bit of 
the difference would correspond to Tz/Z. 

An AKD gate 269 is supplied with the results of comparison 

from the comparators 257 throu^ 259 , 26? » and 268. Only when 

all results show that the absolute values of the differences 

are not greater than the threisholds^ the AND gate 269 supplies 

the sequence controller 79 (Fig. ?) with an output signal indicative 

of the fact that the close minutiae have opposite directions » 

Referring to Fig. 41, small circles show file minutiae 

and H^, • Dots show search minutiae N and K . . It nay be 
II s s 

found that close minutiae do not have opposite directions. In 
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under consideration is ready for precise Batching for another 
file fingerprint. 

If the match score a is not less than the threshold, 
the identification number of the file fingerprint is stored in 
the candidate fingerprint list neaory 88 (Plg, ?) at a fourteenth 
step k^i^ of Fig. 9 together with the match score In a fingerprint 
natching system depicted in Fig. 1 and comprising leading and 
precise matchers, the match scores a obtained for a search fingerprint 
are compared with one another. . The matching control device 55 
is informed of the identification number of the file fingerprint 
that has the Baximum of the aatch scores Hie Batching control 
device 55 sends the identif icaticax number to the data control 
and processing device 53, which produces a result signal Indicative 
of the identification data of the file fingerpirlnt, Heanwhlle, 
the data of another search fingerprint are transferred to the 
fingerprint matching devices 51* 

(10) Destination Deciding Circuit 
Referring to Pig, 42, an example of the destination 
deciding circuit 6? (Fig. 5) is specifically useful in the fingerprint 
matching device 51 exemplified in Fig. 3 and comprises first 
through third decision circuits 271, 272, and 273« The first 
decision circuit 271 is supplied with first through third primary 
busy signals 265, 277, and 278 which Indicate that the first 
through the third leading matchers 56a, 56b, and 56c are busy. 
First and second secondary busy signals 281 and 282 indicative 
of the facts that the flrat and the second precise matchers 57a 
and 57b are busy, are delivered to the second and the third decision 
circuits 272 and 273, The third decision circuit 273 produces 
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first through third priaary allowance signals 286 p 28?, and 288 
and first auid second secondary allowance signals 291 and 292 " 
which allow transfer of data to the first through the third leading 
Batchers 56a, 56b , and 56c and to the first and the second precise 
3 Batchers 57a and 57b » respectively, The.priBas^ busy and allowance 
signals 276 throu^ 278 and 286 throu^ 288 are transaitted throuigh 
the bus 90 (Figs. 2 and 3). secondary busy and allowance 

signals 281, 282, 291, and 292 are transBitted through the bus 
6^. 

10 When a coaoand indicative of transfer of data froa 

the data storing device 5^ (Fig. l) to the leading or the precise 
matchers 56 *s or 57*8, is supplied throu^ the bus 62, the device 
interface circuit 63, and the control circuit 66, the first decision 
circuit 271 produces first through third priaary decision signals 

15 296, 297, and 298, According to logic operation, the signals 
296 through 298 are produced when the first through the third 
primary busy signals 276 throxigh 288 are absent, respectively, 

Vhen supplied with first through third transfer request 
signals 30I, 302, and 303 froa the first through the third leading 

20 matchers 56*8 through the bus 90* the second decision circuit 

272 produces an Inhibit signal 309 and first throu^ fifth secondary 
decision signals Jll, 312 » 313 1 31^» and 315. The inhibit signal 
369 is produced either (l) when at least one of the transfer 
request signals 30I throu^ 303 is present and furthermore when 

25 the secondary busy signals 281 and 282 are both present or (2) 
when all transfer request signals 3OI throu^ 303 are absent. 
The first secondary decision signal 3II is produced in the presence 
of the first transfer request signal 30I, The second secondary 
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decision signal 312 is produced when the second transfer request 
signal 302 is present in the absence of the first transfer request 
signal 301, The third secondary decision signal 313 is produced 
when the third transfer request signal 303 is present in the 
5 absence of the first and the second transfer request signals 

301 and 302. The fourth and the fifth secondary decision signals 
314 and 315 are produced when at least one of the transfer requst 
signals 30I through 303 is present in the absence of the first 
and the second secondary busy signals 281 and 282, respectively. 

10 First throu^ third AND circuits 316, 31?, and 3I8 

are supplied with the inhibit signal 309 in common. Responsive 
to the first through the third primary decision signals 296 througjh 
298, the first through the third AND circuits 316 throu^ 318 
produce first through third ternary decision signals 321, 322, 

15 and 323 1 respectively. The third decision circuit 273 includes 
a flip-floj) (not shown) for selecting either of the first and 
the second precise matchers 57 's when both are idle. It will 
be assumed that the flip-flop produces first and second Quaternary 
decision signals 326 and 32? (not shown) to select the first 

20 and the second precise matchers 57' »» respectively. 

The first primary allowGince sigzial 281 is produced 
when at least one of the first secondary and ternary decision 
signals 311 and 321 is present. The second primary allowance 
signal 287 is produced when at least one of the second secondary 

25 and ternary decision signals 312 and 322 is present. The third 
primary allowance signal 288 is produced when at least one of 
the third secondary and ternary decision signals 313 and 323 
is present. 
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The first secondary alloMance sigm^ 291 is produced 
Khen the fourth secondary decls^pn algnal 314 is present and 
ftoreover either when the first secondary busy signal 281 is absent 
or when the first quaternary decision signal 316 is present in 

5 the absence of the second secondary busy signal 282, The second 

secondary allowance signal 292 is produced when the fifth secondary 
decision signal 315 is present and furtheraore either when the 
second secondary busy signal 282 is absent or idien the second 
quaternary decision signal 327 ia present in* the absence of the 

10 first secondary busy signal 281. 

(11) Closing Paragraph 

While the preferred enbodiaents of this invention and 
»odif ications thereof have so far been described with refearence 
to the accompanying drawings, it will now readily be possible 

15 for one skilled in the art to carry this invention into effect 

in various other Banners, For example, Aodification of the pair 
candidate list memory 83 an4 of the i^air list memory 86 should 
preferably be carried out for all combinations of the proximate 
minutiae. The memories, such as the minutia memories I53 and 

20 154, may be loaded with the data in other ways. Attention should 
finally be directed to the fact that it is possible to iapleaerit 
the sequence controllers 69 and 79 » the pair detecting unit 128 
or 198, and the like by microcomputers as will readily be understood 
from the description of operation. 
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CIA IMS 

1. A method of deciding a degree of match between 
a search and a file fingerprint, including the stepa oft 

selecting principal coordinate systems on the respective 
fingerprints! 

selecting a search and a file fingerprint area where 
minutiae are clean 

forming a minutia list showing those original position 
and direction data of the minutiae which are given by the respective 
principal coordinate systems, said minutia list furthermore showing 
those relation data of the minutiae which are substantially Independent 
of said principal coordinate systems; and 

selecting pairs of minutiae from the minutiae of the 
respective, fingerprints by comparing the original position and 
direction data given for the respective fingerprints and furthermore 
comparing the relation data given for the respective fingerprints i 

wherein the improvement comprises the steps oft 

forming a pair candidate list which shows said pairs 
of minutiae as pair candidates, respectively i 

deciding optimum amounts by referring to the original 
position and direction data of the minutiae of said pair candidates, 
said optimum amourte being for matching said principal coordinate 
systems with each other j 

I 

transforming the original position and direction data 
given by one of said principal coordinate systems for the minutiae 
of said pair candidates into transformed posittion and direction 
data given by a transformed coordinate system into which said 
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(Clala 1 continued) 

one principal coordinate systen Is transfoTBed by said optlmm 
anountsf 

forming a pair list by referring to said ainutia list, 
said pair candidate list, and said search and said file fingerprint 
areas, said pair list showing precise pairs of minutiae selected 
from those minutiae of said pair candidates which are present 
in an area common to said search and said file fingerprint areas, 
the minutiae of each precise pair having a precise local similarity 
between the transformed position and direction data and the original 
position and direction data given by the other principal coordinate 
system and between the relation data, said pair list ftothermore 
showing evaluations, each evaluation being repMsentative of 
said local similarity} and 

deciding said degree of match by using the minutiae 
of said pair list and by referring to said evaluations. 

2. A method as claimed in Claim li 

said mlnutia list forming step including the steps 

oft 

selecting those primary local coordinate systems which 
have primary local origins at the respective minutiae i 

selecting those primajcy proximate minutiae with reference 
to the respective primary local coordinate systems which are 
proximate to the respective local original and 

deciding primary data of said primary prwimatc minutiae 
with reference to the respective primary local coordinate systeiLSi 

wherein said minutia list forming step comprises the 

steps of I 
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(claim 2 continued) . • 

selecting those secondary local coordinate systens 
which have secondary local origins at the respective prlsary 
proximate minutiae i 

selecting those secondary proximate minutiae with reference 
to the respective secondary local coordinate systems which are 
proximate to the respective secondary local origins i 

deciding secondary data of said secoixlary proximate 
minutiae with reference to the respective primary local coordinate 
systems! and 

listing said primary and said secondary data as said 
relation data, 

3. A method as claimed In Claim 1, wherein said pair 
list forming step comprises the steps oft 

forming an additional mlxmtla list which shows said 
transformed position and direction data, the original position 
and direction data given hy the other principal coordinate system 
for the mlnutla of said pair candidates , and the relation data 
of the minutiae of said pair candidates j and 

forming said pair list by referring to said additional 
mlnutla list, said pair candidate list, and said search and said 
file fingerprint areas, the transformed position and direction 
data given in said additional mlnutla list being used on evaluating 
said precise local similarity. 

4, A fingerprint matching device for deciding a degree 
of match between a search and a file fingerprint, includingi 

mlnutla list memory mecms for memorising a mlnutla 
list showing those original position and direction data of minutiae 
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(Claia 3 continued) 

^ •» ■ , * ' . 

which are given hy principal coordinate syste&s prelininarlly 

selected on said search and said file fingerprints, respectively, 

said ninutia list fiurbheriaore showing those relation data of 

said Bdnutiae which are substantially Independent of said principal 

coordinate systems t 

fingerprint area oeaory jieans for memorizing a search 
and a file fingerprint area whexre the minutiae are cleari and 

selecting means coupled to said ainutia list memory 
means for selecting pairs of minutiae from the minutiae of the 
respective fingerprints by comparing the original position and 
direction data given for the respective fingerprints and furthermore 
comparing the relation data given for the respective fingerprints; 

wherein the improvement comprises i 

pair candidate list memory means coupled to said selecting 
means for memorising a pair candidate list iMch shows said pairs 
of minutiae as pair candidates, respectively i 

optimum amount deciding means coupled to said minutia 
list memory means and said pair candidate list memory means for 
deciding optimum amounts hy referreng to the original position 
and direction data of the minutiae of said pair candidates, said 
optimum amounts heing for matching said principal cooxdinate 
systems with each otheri 

coordinate transforming means coupled to said minutia 
list memory means, said pair candidate list memory means, and 
said optimum amount deciding means for transforming one of said 
principal coordinate systems into a transformed coordinate system 
by said optimum amounts, said coordinate transforming means thereby 
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(claim 3 twice continued) 

transforming the original i)osltlon and direction data given by 
Bald one principal coordinate system for the minutiae of said 
pair candidates into transformed position and direction data} 
pair list memory means coupled to said mlnutla list 
memory means » said pair candidate list memory means » and said 
fingerprint area memory means for memorizing a pair 33st showing 
precise pairs of minutiae selected from those minutiae of said 
pair candidates which are present in an area common to said search 
and said file fingerprint areas, the minutiae of each precise 
pair having a precise local similarity between the transformed 
position and direction data and the original position and direction 
data given by the other principal coordinate system and between 
the relation data, said pair list furthermore showing evaluations , 
each evaluation being representative of said local similarity} 
and 

deciding means coupled to said pair list memory means 
for deciding said degree of match by using the minutiae of said 
pair list and by referring to said evaluations, 

IT, A fingerprint matching device as claimed in Claim 

^1 

said mlnutla list memory means Including first means 
for memorizing a part of said mlnutla list, said pari showing 
the orldinal position and direction data given by the respective 
principal coordinate systems and furthermore showing that part 
of said relation data which gives primary data represented by 
primary local coordinate systems selected to have primary local 
origins at the respective minutiae, said primary data being given 
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(claim 5 continued) 

to those prinary proxinate minutiae with reference to the respective 
primary local coordinate systess which are selected prcxinate 
to the respective primary local origins with reference to the 
respective primary local coordinate systems i 

wherein said minutia list memory means comprises second 
means for memorizing a remaining part of said minutia list, said 
remaining part showing that remaining part of said relation data 
which gives secondary data represented by the respective primary 
coordinate systems, said secondary data being given to secondary 
proximate minutiae which are selected proximate to the respective 
primary proximate minutiae with reference to the respective ones 
of secondary local coordinate systems selected to have secondary 
local origins at the respective primary proximate minutiae. 

6, A fingerprint matching device as claimed in Claim 

^, wherein t 

said minutia list memory means comprises i 
first minutia list memory means for memorizing a first 
minutia list which shows the original position and direction 
data given by the respective principal coordinate systems and 
the relation data of the respective minutiae i and 

second minutia list memory rneeuis coupled to said coordinate 
transforming means and said pair candidate list memory means 
for memorizing a second minutia list which shows said transformed 
position and direction data, the original position and direction 
data given by the other principal coordinate system for the minutiae 
of said pair candidates, and the relation data for the minutiae 
of said pair candidates} 
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(claim 6 continued) 

said selecting means being coupled to said first minutia 
list memory means j . . 

said selecting means being coupled to said first minutia 
list memory means f 

said optimum amoimt deciding means being coupled to 
said first minutia list memory means and said pair candidate 
list memory means; 

said coordinate transforming means being coupled to 
said first minutia list memory means, said pair candidate list 
memory means, and said optimum amount deciding means f 

said pair list memory means being coupled to said second 
minutia list memory means, said pair candidate list memory means, 
and said fingerprint area memory means, the transformed position 
and direction data used in giving said precise local similarity 
being those given by said second minutia list memory means. 
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